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(54) $g(v)-SUBSTITUTED PHENYL-PROSTAGLANDIN E DERIVATIVES AND DRUGS CONTAINING 
THE SAME AS THE ACTIVE INGREDIENT 

(57) An co-substituted phenyl-prostaglandin derivative of formula (I), a process for the preparation thereof, a med- 
icament comprising it as active ingredient (all symbols have the same meaning as described in the specification). 
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The compounds of the formula (I) bind strongly on PGE 2 receptor (especially subtype EP 4 ) and therefore are useful 
for the prophylaxis and/or treatment of immune diseases (autoimmune diseases (amyotrophic lateral scierosis (ALS) 
etc.), post-transplantation graft rejection, etc.), asthma, abnormal bone formation, neurocyte death, pulmopathy, hepat- 
opathy, etc. They are also related to sleeping disorders and platelet coagulations, and therefore they are also applicable 
to these diseases. 
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Description 



Technical Field 

Zll ^ZZtL7T m re,at6S 10 P^-P-tagiandin E derivatives. More particular,, the 

(1) co-substituted phenyl-prostaglandin E derivatives of formula (I) 




(wherein all symbols have the same meaning as described hereafter) 

(2) a process for the preparation thereof and 

(3) a medicament comprising them as active ingredient. 

Background 



a promoting effect on digestive peristalsis, an awakening effect a suppressive effect nn ™Jh, =~Tw lnaUC ! ng * ffect ' 
tensive activity and diuretic activity etc suppressive effect on gastric acid secretion, hypo- 

rnnnf, ^ 4 ( 9 ' Sh ' M ' * ^ J ' Upid Mediat0rs Ce)l Si 9 nalin 9. 12, 379-391 (1995)) * ^ 

hepatitis, nephritis, renal insuffiency, hypertension myocardial iLhem^^t'^ ^ hepato P ath K acute 

11-aeoxy type: JP Hotel sho 53-135956 (1 . US w 9T2 xmltS£T ? f eM *' c) ' 
lonslve etfeot olc ) P 3.932,389) (intofmeoiiitos for prostagbnoin having hypo- 
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[0008] A compound of formula (A) 




(wherein Ar is a- or p- furyl, a- or P- thienyl, a- or p- naphthyl, phenyl, 3,4-dimethoxyphenyl, 3,4-methylenedioxyphenyl, 
3,4,5- trimethoxy phenyl or phenyl monosubstituted by halo, trifiuoromethyl, phenyl, lower alkyl or lower alkoxy, 

nA is 0 or an integer of 1 ~ 5, with the proviso that when Ar is phenyl, substituted phenyl or naphthyl, then nA is 0 or 1 , 
R is hydrogen atom or lower alkyl, 
W is a bond or a cis double bond, 
Z is a bond or a trans double bond, 
M is keto, 



"*OH 



,OH 



or 



H 



N and L are taken together to form a bond or when L is hydrogen, N is selected so as to complete A, E or F 
prostaglandin structure), or 

lower alkanoyl, formyl or benzoyl ester of free hydroxy group in C9, C11 or C15 position and a pharmaceutical!^ 
acceptable salt thereof. 

[0009] The specification provides specific PGE 2 compounds in which phenyl substituted by alkyl or alkoxy is intn> 
duced in the co-chain; i.e. the compounds of examples 55 and 72 of the following formula. 

Example 55: 

[0010] 



COOH 




(A-1) 



Example 72: 
[0011 J 
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COOH 




(A-2) 



uisclosure of the present invention 



EP 4 and bind weakly on the other PcZpSSorsSlpp' 8 5UbS,ltUentS W 
have found that adoption of particular arouoTma^ Lp ? P t ?1 + lnotherwords . «™ present inventors 
is improved, to compete the invenfion 4 the Se ' eCtiVity for EP < ° ver ot "- -^ptors 

[001 3] The present invention relates to 

(1) an co-substituted phenyl prostaglandin E derivative of formula (I) 




R 2 is oxo, halogen or a group of formula R8-COO- (wherein R* is hvdroaen r w a iw,. u , 

alkyl), C1-4 alkyloxy HOOC-C1-4 alkyl, C1-4 alkyloxy-ca bo^ HOoS 7 Ph * ny,(C1 ~ 4 

loxy-carbonyl-C2~4 alkenyl), ^'«onyi ^ i 4 aiKyi, HOOC-C2-4 alkenyl or C1-4 alky- 

R 3 is hydrogen atom or hydroxy, 
R 4 is C1~4alkylene, 

R 5 is phenyl substituted by the following groups: 

i) 1 -3 groups selected from 

C1-4 alkyloxy-C1-4 alkyl, 

C2-4 alkenyloxy-C1~4 alkyl, 

C2~4 alkynyloxy~C1-4 alkyl, 

C3-7 cycloalkyloxy-C1-4 alkyl, 

C3~7 cycloalkyl(C1~4 alkyloxyj-C1~4 alkyl, 

phenyloxy-C 1-4 alkyl, 

phenyl-C1-4 alkyloxy-C1~4 alkyl, 

C1-4 alkylthio-C1~4 alkyl, 

C2-4 alkenylthio-C1~4 alkyl, 

C2-4 alkynylthio-C1~4 alkyl, 

C3-7 cycloalkylthio-C1~4 alkyl, 
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C3-7 cycloalkyl(C1~4 alky1thio)-C1~4 alkyl, 
phenylthio-C1~4 alkyl and 
phenyl-C1~4 alkylthio-C1~4 alkyl, 

ii) C1-4 alkyloxy-C1~4 alkyl and C1-4 alkyl, 
5 C1-4 alkyloxy-C1~4 alkyl and C1-4 alkyloxy, 

C 1 ~4 al kyloxy-C 1 -4 alkyl and hydroxy, 
C1-4 alkyloxy-C1-4 alkyl and halogen, 
C1-4 alkylthio-C1~4 alkyl and C1-4 alkyl, 
C1-4 alkylthio-C1~4 alkyl and C 1-4 alkyloxy, 
10 C1~4 alkylthio-C1~4 alkyl and hydroxy or 

C1-4 alkylthio-C1~4 alkyl and halogen, 

iii) halo-C1-4 alkyl or hydroxy-C 1-4 alkyl, 
or 

iv) C1 -4 alkyl and hydroxy; and 

15 is a bond or a double bond, and 

when R 2 is a group of formula R 8 -COO-, R 1 is C1~6 alkyloxy, C1-6 alkyloxy-C1~6 alkyloxy or HO-C1-6 alkyloxy 
and 8-9 position is a double bond), 
a non-toxic salt thereof or a cyciodextrin clathrate thereof, 
20 (2) a process for the preparation thereof and f'^ 

(3) a medicament comprising it as active ingredient. -^4^ 

Description 

25 [0014] In the formula (I), C1-4 alkyl in R 5 , R 6 , R 7 and R 9 is methyl, ethyl, propyl, butyl and isomers thereof, r-: ^ ^' 
[0015] In the formula (I), C1-6 alkyl in R 1 is methyl, ethyl, propyl, butyl, pentyl, hexyl and isomers thereof. 
[001 6] In the formula (I), C1-4 alkylene in R 4 and A is methylene, ethylene, trimethylene, tetramethyfene and isomers 
thereof, 

[001 7] In the formula (I), C2-8 alkylene represented by A is methylene, ethylene, trimethylene, tetra methylene, pen- 
30 tamethylene, hexamethylene, heptamethylene, octamethylene and isomers thereof. 

[001 8] In the formula {!), C2-8 alkenylene represented by A includes one or two double bond(s) in itself, for example, 
vinylene, propenylene, butenylene, pentenylene, hexenylene, heptenylene, octenylene, pentadienylene, hexadi- 
enylene, heptadienylene, octadienylene and isomers thereof. 

[0019] In the formula (I), C2-4 alkenylene in A is vinylene, propenylene, butenylene and isomers thereof. 
35 [0020] In the formula (I), C2-4 alkenyl in R 5 and R 8 is vinyl, propenyl, butenyl and isomers thereof. 
[0021] In the formula (I), C2-4 alkynyl in R 5 is ethynyl, propynyl, butynyl and isomers thereof. 
[0022] In the formula (I), C3-7 cycloalkyl in R 5 is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 
[0023] In the formula (I), halogen in R 2 and R 5 is fluorine, chlorine, bromine and iodine. - 
[0024] In the present invention, as may be easily understood by those skilled in the art, 



45 



indicates a single bond or a double bond, unless otherwise specified, the symbol: 



so indicates that the substituent attached thereto is in front of the sheet (P-position), 



55 



indicates that the substituent attached thereto is behind the sheet (ot-position), 



5 
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\. and \ 



rnn«, , , f * ubstituent a ^ched thereto is in p-position or a-position or a mixture thereof 
[0025] Unless otherwise specified, ell isomers are included in the present invention For example alkvl alkenvi 
alkynyl and a,ky.ene inc,ude straight-chain and branched-chain ones: Isomers in the ^£ES&S^ 
(e.g. E, Z, cis, trans isomers), isomers generated by the existence of asymmetric carbon atom(s) e g R slomeT 
<x, P .somers, enant.omers, diastereomers). optically active isomers having optically rotatory power D L d f isoTer^' 

S a ™ erS SeP r ted bV chromato ^y Polar, less polar isomers), equLiumlmTounds amC rab os 
of these compounds, racemic mixtures are all included in the present invention m P our >°s, a™rary ratios 

[0026J In the formula (I), the group of formula 



is preferably, 



d) 



(2) 



(4) 



(5) 



(6) 



6 
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(7) 




w [0027] In the formula (I), hydroxy in the 1 5-position is preferably attached as the a -configuration. 
[0028J In the formula (I), in the alkylene of R 4 , methylene is most preferable. 

[0029] In the formula (I), the position of the substituent of phenyl in R 5 is preferably the 3-position, the combination 
of 3- and 4-position and the combination of 3and 5-position. 

[0030] In the compounds of the present invention of formula (I), the compounds described in the examples, the 
15 following compounds and corresponding esters, amides and 8-acylated compounds thereof are preferable. 



20 



25 



30 



40 



45 



50 
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Table T 
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Table 2 




9 




10 




11 




55 



12 
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Table 6 




13 




55 
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Table 8 
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Table 9 
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Table 11 
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Tabl e 14 
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Table 16 
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Salts 



convention J S ♦ ! ' nVenti ° n ° f formU ' a (l) be into corresponding salts by 

™ n "°" a met f h ° d f Non - t ° x,c and water-soluble salts are preferable. Appropriate salts are described hereafter 
sa te of a kal metals (e.g. potassium, sodium), salts of alkaline-earth metals (e.g. calcium magnesto) ammonium 

k •n CyC ^T ntylam,ne ' ben2 y |amine ' Phenethylamine, piperidine, monoethanolamine, dietharSm nT tris 
(hydroxymethyl)methylamine, lysine, arginine, N-methyl-D-glucamine). »einanoiamine, tns 

Cyclodextrin clathrates 

EnoL r"^^!^ ph t en y'-P rosta 9 |andin E derivatives of formula (I) may be converted into cyclodextrin clathrates 
Nolo 3362 bT rf y ?™ n ,° r ^nn™ » ** meth0dS described m the specification of Japanese 
t h«m ?n?J ft * ■ ! V? GB P3tent NOS ' 1351238 ' 1419221 ) or Ja P anese Kok °ku No. 61-52146. Converting 
them ,nto cyclodextnn clathrates serves to increase the stability and solubility in water »nrt ,H*r^ ■, ^3-? 
ror pnarmaceutical use. ' «~n»enwru 

[0033] Processes for.the preparation of the compounds of the present invention (a) Among the compounds of formula 
Srm a uiaT)° " ^ ^ ^ a,k ^ C1 - 6 or HoilHI iS^T^SSS 




(la) 



(wherein R« is C1-6 alkyloxy, C1-6 alkyloxy-C1-6 alkyloxy or HO-C1-6 alkyloxy and the other symbols have the 




SndlTnsT^^ 

SSU^SJSSC^ ^ aC ' diC COnd,ti ° nS inClUde ' eXamP,e " ^V.dimethy IS i,,, 

[0035] Hydrolysis under acidic conditions is known, for example, it is carried out in a water-miscible oraanic solvent 
e.g. tetrahydrofuran, methanol, ethanol, dimethoxyethane, acetonitrile or a mixture thereo f ete f us in ^ ™° j 
(e.g. hydrochloric acid, phosphoric acid, hydrofluoric acid hydrochloric aaTrntnin! f °' 9 ,noraanlc ac,d 
acetic acid, tosy, acid, trich.oroacetic acid, etc.) at a CSSo? ^ ' ^ ™ add <«* 

[0036] (b) Among the compounds of formula (.), a compound wherein Ri is hydroxy, i.e. a compound of formula (lb) 



26 



EP 1 114 816 A1 



5 




(lb) 



10 

(wherein ali symbols have the same meaning as described hereinbefore) may be prepared by subjecting to hydrolysis 
reaction using an enzyme or a hydrolysis reaction under alkaline conditions a compound of formula (la) 



20 




(la) 



(wherein all symbols have the same meaning as described hereinbefore). 
25 [0037] Hydrolysis using an enzyme is known, for example, it may be carried out in a mixture of water-miscible organic- 
solvent (e.g. ethanol, dimethylsulfoxide, etc.) and water, in the presence or absence of a buffer, using hydrolase (es- 
terase, lipase etc.) at a temperature of 0-50 °C. 

[0038] Hydrolysis under alkaline conditions is known, for example, it may be carried out in a mixture of a water- 
miscible organic solvent (e.g. ethanol, tetrahydrofuran (THF), dioxane, etc.) using an aqueous solution of an alkali 
30 (sodium hydroxide, potassium hydroxide, potassium carbonate, etc.) at a temperature of -10—90 °C. 

[0039] (c) Among the compounds of formula (I), a compound wherein R 1 is NR 6 R 7 , i.e. a compound of formula (Ic) 



35 



OH 




(wherein all symbols have the same meaning as described hereinbefore) may be prepared by subjecting to an amidation 
reaction a compound of formula (lb) 



45 



50 



55 



A COOH 




(lb) 



(wherein all symbols have the same meaning as described hereinbefore) and a compound of formula (III) 
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hnrV 



(III) 

(wherein all symbols have the same meaning as described hereinbefore) 

[0040] Amidation reaction is known, for example, it is carried out in an inert organic solvent (e a THF mAthwUm- 

Emi i 1 ^ hy| - 3 - [3 - (d ™ et t h / ,amlno )P ro Py | J carb odiimide (EDC), etc.) at a temperature of 0-50 °C 
llnlll IT COmpOUnd °l l omuia <"') fe a known compound or may be prepared by known methods easily 
SS m 6 COmPt T d ° f f0rmUla (, ° may be Prepared accordin 9 to tne foll °wing schemes T 2 3 or 6 
oo£ TK° reOVe K ^ com P° unds of formula 0«). da-1) and (lb) may be synthesLd by the scheme 4 or 5 

SSbL- SyrT,b0 ' S deSCrib6d ^ S ° hemeS ^ thC f0, ' 0Wi ^ «~-"l> or the -m/mJSjlUSid here- 



t-Bu: t-butyi, 
Ms: methanesulfonyl, 
n-Bu: normal butyl, 
Ts: p-toluenesulfonyl, 
X: halogen atom, 
R 21 : halogen atom, 
R 22 : acyl, 



A2- : rl~l a M ene ' 7 a,kenylene ' C1 ~ 3 alkylene-phenylene or C2~3 alkenylene-phenylene 
A 2 : C2~8 alkylene or C1~4 alkylene-phenylene. ^wnyiene, 

XSh i^ eaCh SCheme ^ he process forthe Preparation of 15a isomer is illustrated, but 15B isomer and a mixture of 
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Scheme 1 
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Scheme 2 

5 



o 




UBH(sec-C 4 H g ) 3 




55 



30 



EP 1 114 816 A1 

Scheme 3 

5 




(XIV) 



(XVI) 



(XVII) 



(XVIII) 



(II-3) 
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Scheme 4-1 



L ,*A-COR 12 



,31 



CHO 



(XIX) 



O o t**) 



, nN a-cor 12 

, R 4_ R S1 (XXI) 




To Scheme 4-p 

'PhgSnH or 
Bu 3 SnH 



Selective Reduction To Scheme 4-? 



.^A-COR 12 

R 4_ R 5t (XXII) 




Protection of hydxory 



3*0 




CXXIII-1) 



To Scheme 
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Scheme 4-2 



(XXI) 




To Scheme 4-3 To Scheme 4-3 
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Scheme 4-3 

(XXIII-1) (XXJII-2) (XXIII-3) 




(XXX) 



Jones oxidation 

v 



O 
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Scheme 5 




(XXXII) 



MeCX 
MeO' 



R 4 — R 51 



o o 



(XX) 



A \A — COR 




12 



r4 _ r si (XXXIII) 



Selective Reduction 



A— COR 12 



R 4_ R 51 (XXIV) 



OH 



H + 




,4_ o5 (la-1) 



R"— R= 



OH 
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Scheme 6 

COR 12 

(IV) 

1 ) L .->^ .R 4 — R 51 
OR 10 




Cu(CN)Li 



2) (R 8 CO) 2 0 (XXXV) 

Of 

R 8 COX pO<XVI) 



—COR 12 
— R 4 -R 51 
OR 10 
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Scheme 7 
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Starting materials and Reagents 



[0046] Each reaction in the above reaction schemes is carried out by known methods in th* «h«v« roonfi. u 

by known methods easily. For example, among the compounds of formula (IV), a compound wherein 5 Us 

the compounds of formula (XIX), a compound wherein R^ismethoxy R22 isacetV | rsi i" 2 

lis???* is des t cribed in jp kokai sh ° 52 - 27753 (ie - us wwvssss^ss s 

reagents n the present invention are known per se or may be prepared by known methods. 9 

[0047] In each reaction of the present specification, reaction products may be purified by conventional technic** 

Forexample, purification may be carried outby distillation under atmospheric or reduced 

liquid chromatography, thin layer chromatography or column ^aCS^ 

bywash.ng or by realization, etc. Purification may be carried out after iiiJCi^STE^ 
Pharmacological Activities 

!°cepL HZT™" " *" " ,0m "" a <* blnd »" M » Ep < ~W ««** * TOE, 

(i) Binding assay using expression cell of prostanoids receptor subtype 

S 2l7%4lS n M°LT, mbrane fraCti ° n W3S ° Ut aCCOrting 40 the method ° f S ^™to * al. [J. Bio. 

^^JSSSS"* us,n9 exp n CHO ce " of *■ prostanoids receptor subtype < mouse ep». 

[0051] The standard assay mixture containing membrane fraction (0 5 ma/mn and r3wi ppp in =. , ■ 

[0052] Kd and Bmax values were determined from Scatchard plots [Ann N Y Acad Sci 51 smnoion m 
u D em^ b ^ 

the present invent were Led. £ SwTng rreS,^ 00 ^ 0 " 8 * - «~ " 

5!S Sft- P ° tassium Phosphate (pH 6.0), 1mM EDTA, 10 mM MgCI 2 , 0. 1 M NaCI 

[0054] The d,ssoaat,on constant Ki (pM) of each compound was calculated by the following equation. 

Ki=IC S0 /(1+([CJ/Kd)); 
[0055] The results are shown in the Tables 1 9 and 20. 

Table 19 
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Table 1 9 (continued) 



Ex. No. 


Dissociation Constant 




Ki(u.M) 




EP4 


The compound described as example 55 in JP kokai sho 49-92053 


0.032 


The compound described as example 72 In JP kokai sho 49-92053 


0.067 


Table 20 


Ex. No. 


Dissociation Constant 




Ki (illM) 




EPaa 


2 


0.82 


2(1) 


0.12 


2(4) 


>10 


2(11) 


0.54 


2(15) 


1.40 


4 


3.20 


4(12) 


0.35 


5(12) 


6.0 


8(6) 


0.04 


The compound described as example 55 in JP kokai sho 49-92053 


0.011 


The compound described as example 72 in JP kokai sho 49-92053 


0.048 



[0056] As shown above, it is clear that the compounds of the present invention bind strongly on subtype EP 4 and* 
weakly on the other PGE 2 receptors (e.g. EP 3 ). 

Toxicity -•■ 7 

[0057] The toxicity of the compounds of the present invention is very low and therefore, it is confirmed that these 
compounds are safe for pharmaceutical use. 



Industrial Applicability 



Application to Pharmaceuticals 

[0058] The compounds of the present invention of formula (I) bind selectively and act on PGE 2 receptor, especially 
on EP 4 subtype receptor and therefore are useful for the prophylaxis and/or treatment of immune diseases (autoimmune 
diseases (amyotrophic lateral sclerosis (ALS), multiple sclerosis, Sjoegren's syndrome, arthritis, rheumatoid arthritis, 
systemic lupus erythematosus, etc.), post-transplantation graft rejection, etc.), asthma, abnormal bone formation, neu- 

45 rocyte death, pulmopathy, hepatopathy, acute hepatitis, nephritis, renal insufficiency, hypertension, myocardial 
ischemia, systemic inflammatory syndrome, pain induced by ambustion, sepsis, hemophagocytosis syndrome, mac- 
rophage activation syndrome. Still's diseases, Kawasaki diseases, bum, systemic granuloma, ulcerative colititis, 
Crohn's diseases, hypercytokinemia at dialysis, multiple organ failure, shock, etc. They are also connected with sleep- 
ing disorders and platelet coagulations, and therefore they are thought to be useful for these diseases. 

50 [0059] Among the compounds of the present invention of formula (I), the compounds which bind on other subtypes 
than EP 4 weakly do not express other effect, and therefore it is probable that they will be those agents having less 
adverse effects. 

[0060] For the purpose described hereinbefore, the compounds of the present invention of formula (I), non-toxic salts 
thereof and CD clathrates thereof may normally be administered systemically or topically, by oral or parenteral admin- 
55 istration. 

[0061] The doses to be administered are determined depending upon age, body weight, symptom, the desired ther- 
apeutic effect, the route of administration, and the duration of the treatment etc. In the human adult, the doses per 
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pereon per dose are generally from 1 u,g to 100 mg, by oral administration, from once up to several times per dav and 
from 0.! pg to 10 mg, by parenteral administration (preferably intravenously) from once up to several Les S'dav 
or by continuous administration for from 1 hour to 24 hours per day into vein P V ' 

an 0 d\ 4 Lu S ,eser POSitiOnS ** ^ admi " istration include -I—- 'ablets, p.lls. capsules, dispersible powders, 
[0065] Capsules include hard capsules and soft capsules. 

[0066] In these solid compositions, one or more of the active compound(s) are admixed with at least one in*rt h,i, ,«n. 

s^mjKSr for exampie ' 816 method described in - ^ «- ^^ssss^Tn? 

[0069] Injections for parenteral administration include sterile aqueous or non-aaueous solution* ,c™ • 

[0070] Other compositions for parenteral administration include liquids for external use and ni „ ( ™ nl „ „ 
The Best Mode for Carrying Out the Present Invention 
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Reference Example 1 



1 -bromo-3-methoxymethylbenzene 



[0072] 




OMe 



[0073] To a solution of 3-bromobenzyl bromide (15.0 g) in methanol dimethoxyethane (30 ml + 10 ml) was added 
sodium methylate (4.9 g) undercooling with ice and the mixture was stirred for 1 hour at room temperature. The reaction 
mixture was poured into water. The reaction mixture was extracted with ether. The organic layer was washed with a 
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evapo- 
rated to give the title compound (12.1 g) having the following physical data. 
TLC: Rf 0.74 (ethyl acetate : hexane = 1:4); 

NMR(CDCI 3 ): 6 7.50 (s, 1H), 7.42 (dt, J=8, 2 Hz, 1H), 7.3-7.2 (m, 2H), 4.43 (s, 2H), 3.40 (s, 3H). ^ 
Reference Example 2 : 
(25)-3-(3-methoxymethylphenyl)-1 -triphenylmethoxypropan-2-ol 



[0075] Magnesium ribbon (1 .41 g) was dried by heating under reduced pressure, and thereto was added anhydrous 
THF (30 ml) and dibromoethane (a few drops). To the mixture was added a solution of the compound prepared in 
reference example 1 (9.65 g) in anhydrous THF (30 ml) over a period of 45 minutes. 

[0076] Thus obtained solution was added to a suspension of copper iodide (0.76 g) in anhydrous THF (30 ml) under 
cooling with ice, and the mixture was stirred for 30 minutes. To the mixture was added a solution of S-(-)-glycidyl trityl 
ether (12.7 g) in anhydrous THF (30 ml) and the mixture was stirred for 1 hour and the mixture was poured into a 
saturated aqueous solution of ammonium chloride. The mixture was extracted with ethyl acetate. The organic layer 
was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, concen- 
trated to give the title compound (19.5 g) having the following physical data. 
TLC: Rf 0.29 (ethyl acetate : hexane =1:4); 

NMR(CDCI 3 ): 57.5-7.1 (m, 19H), 4.40 (s, 2H), 4.1-3.9 (m, 1H), 3.37 (s, 3H), 3.3-3.1 (m, 2H), 2.9-2.7 (m, 2H), 2.23 (br, 
1H). 

Reference Example 3 

(2S)-3-(3-methoxymethylphenyl)propan- 1 ,2-dioi 



[0074] 





[0077] 
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TLC: Rf 0.64 (ethyl acetate : hexane = 2:1). 
Reference Example 4 



(2S)-3-(3-methoxymethylphenyl)-1-acetyloxypropan-2-ol 
[0079] 



AcO 




OMe 



2e O^w^^^^ tST 3 <" 9) "* 2 ^"«ne (10.6 m.) in methylene 

=^ 

NMR(CDC. 3 ): 8 7.4-7.1 (m, 4H), 4.43 (s. 2H), 4.25-3.95 (m, 3H), 3.41 (s, 3H). 2.9-2.8 (m, 2H), 2.12 (s. 3H). 
Reference example 5 

(2S)-3-(3-methoxymethylphen y l)-1.acetyloxy-2-(2-tetrahydropyranyloxy)propane 
[0081] 



AcO 




OMe 



OTHP 



^^^^ 

TLC: Rf 0.53 (ethyl acetate : hexane : methylene chloride = 1 • 2 ■ 2V 
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Reference example 6 

(25)-3-(3-methoxymethytphenyI)-2-(2-tetrahydropyranyloxy)propan-1-ol 
5 [0083] 



10 




'OMe 



[0084] To a solution of the compound prepared in reference example 5(14.0 g) in methanol (40 ml) was added a 2N 
15 aqueous solution of sodium hydroxide (5 ml) and the mixture was stirred for 1 hour at room temperature. The solvent 
was evaporated and the residue was diluted with ether, washed with water and a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate. The mixture was concentrated. The resulting oil was purified 
by column chromatography on silica gel to give the title compound (11 .0 g) having the following physical data. 
TLC: Rf 0.51, 0.41 (diastereomeric mixture at the position of THP, ethyl acetate : hexane = 2:1); 
20 NMR(CDCI 3 ): 5 7.3-7.1 (m, 4H), 4.85-4.8 and 4.25-4.2 (m, 1H), 4.42 (s, 2H), 4.05-3.4 (m, 5H), 3.38 (s, 3H), 3.06 (dd, 
J=14, 6 Hz, 1H), 2.85 (dd, J=14, 8 Hz, 1H), 2.8-2.7 and 2.15-2.05 (m, 1H), 1.9-1.4 (m, 6H). 

Reference example 7 
25 (2S)-3-(3-methoxymethylphenyl)-2-(2-tetrahydropyranyloxy)propan-1-al 

[0085] 




35 

[0086] A solution of oxalyl chloride (6.8 ml) in methylene chloride (150 ml) was cooled to -78 °C and thereto was 
added a solution of anhydrous dimethylsulfoxide (11.1 ml) in methylene chloride (30 ml) over a period of 15 minutes. 
The mixture was stirred for 15 minutes and thereto was added a solution of the compound prepared in reference 
example 6 (11.0 g) in methylene chloride (40 ml) dropwise over a period of 35 minutes and the mixture was stirred for 

40 another 10 minutes and thereto was added triethylamine (32 ml). The mixture was warmed to -40 °C and stirred for 
45 minutes. The reaction solution was poured into a 1 N hydrochloric acid and the mixture was extracted with a mixture 
of ether-hexane. The organic layer was washed with water, a saturated aqueous solution of sodium bicarbonate and 
a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evap- 
orated to give the title compound (11.1 g) having the following physical data. 

45 TLC: Rf 0.45 (ethyl acetate : hexane = 1:2); 

NMR(CDCI 3 ): 6 9.75-9.0 (m, 1H), 7.3-7.1 (m, 4H), 4.8-4.75 and 4.35-4.3 (m, 1H), 4.43 (s, 2H), 4.45-4.3 and 4.1-4.0 
(m, 1H), 3.95-3.9 and 3.5-3.4 (m, 1H), 3.40 (s, 3H), 3.3-2.8 (m, 3H), 1.9-1.3 (m, 6H). 
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Reference example 8 

(3S)-1,l-dibromo-4-(3-methoxymethylphenyl)-3-(2-tetrah y dropyranyloxy).1.butene 
[0087] 




[0088] | A solution of carbon tetrabromide (39.8 g) in methylene chloride (150 ml) was cooled to 20 "C fl nH th-^ 
was added a solution of tripheny lp hosphine (63 g) in methylene chloride mn m Z l^* f, 0 °J"* ^ to 
ooia.ned red sepia solution was cooled to -40 °C and thereto was added a ^u'«™V£ <ne 

TLC: Rf 0.36 (ethyl acetate : hexane = 1 :9). 
Reference example 9 

(3S)-4-(3-methoxymethylphenyl)-3-(2-tetrahydropyranyloxy).1-butyne 
[0089] 




*M o».r Thy*,™ Lum Ml,* °< *«>.>. 



TLC: Rf 0.50, 0.44 (ethyl acetate : hexane =1:4). 
Reference example 10 



(3S)-4-(3-methoxymethylphenyl)-1-butyn-3<>l 
[0091] 
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[0092J The compound prepared in reference example 9 (8.9 g) was dissolved in dioxane (10 ml) and methanol (10 
ml), and to the mixture was added a 4N hydrochloric acid-dioxane (2 ml) at room temperature and the mixture was 
stirred for 1 hour. The reaction solution was diluted with water and the mixture was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution 
5 of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated. The residue was purified by 
column chromatography on silica gel to give the title compound (5.6 g) having the following physical data. 
TLC: Rf 0.40 (ethyl acetate : hexane = 1:2). 

Reference example 11 

10 

(3S)-4-(3-methoxymethylphenyi)-3-t-butyldimethylsilyloxy-1-butyne 
[0093] 




[0094] To a solution of the compound prepared in reference example 10 (5.64 g) and imidazole (3.0 g) in DMF (30 
ml) was added t-butyldiethylsilyl chloride (5.3 g) and the mixture was stirred at room temperature overnight. The reaction 
mixture was poured into Water, and the mixture was extracted with ethyl acetate. The organic layer was washed with 
25 water and a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent- 
was evaporated. The residue was purified by column chromatography on silica gel to give the title compound (7.82 g) 
having the following physical data. 
TLC: Rf 0.73 (ethyl acetate : hexane = 1:4); 

NMR(CDCI 3 ): 5 7.3-7.1 (m, 4H), 4.5-4.45 (m, 1H), 4.44 (s, 2H), 3.37 (s, 3H), 3.0-2.95 (m, 2H), 2.41 (d, J=2 Hz, 1H), 
30 0.83 (s, 9H), -0.02 (s, 3H), -0.08 (s, 3H). 

Reference example 12 

(3S)-1-iodo-4-(3-methoxymethylphenyl)-3-t-butyldimethylsilyloxy-1E-butene 

35 

[0095] 



40 




45 [0096] To a suspension of zirconocene chloride hydride (7.81 g) in anhydrous THF (15 ml) was added a solution of 
the compound prepared in reference example 11 (7.7 g) in THF (30 ml) dropwise at room temperature. The mixture 
was stirred for 45 minutes, cooled to 0 °C and thereto was added a solution of iodine (6.43 g) in THF dropwise. The 
mixture was stirred for 15 minutes at room temperature and thereto was added hexane. The obtained precipitate was 
filtered off and the filtrate was concentrated. The residue was purified by column chromatography on silica gel to give 

so the title compound (9.77 g) having the following physical data. 
TLC: Rf 0.61 (ethyl acetate : hexane = 1:9); 

NMR(CDCI 3 ): 5 7.3-7.05 (m, 4H), 6.56 (dd, J=15, 5 Hz, 1H), 6.19 (dd, J=15, 1 Hz, 1H), 4.43 (s, 2H), 4.3-4.15 (m, 1H), 
3.38 (s, 3H), 2.8-2.7 (m, 2H), 0.83 (s, 9H) t -0.08 (s, 3H), -0.11 (s, 3H). 
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Reference example 12 (1) 

(3S)-1-jodo-4-[3-(2-fluo^ 

[0097J 



10 



15 



20 




Kove ^^Z^XZ?^ referenCe eXamP ' e 2 ~ 12 USi " 9 3-(2- fl uo ro eth y .)- brom o b en 2 ene. 
Reference example 13 

[0099] 



25 



30 



35 



40 



45 



SO 




TBSO 



the mixture was stirred for 40 minutes at^e same S«on tJ1« ST""' 8, 3 58 m,) dr0pwise at " 78 ° C a ™< 

M solution in tetrahydrcfuran. 12 7 mn io£S Tover , ^IrioJn^ ? ^ ,Hh,Um 2 - th ^"y'=yanoc U p ra te (0.25 
another 20 minutes Thereto was added a Solution of ^6 ml "'""l* 8 ^ ° Wa,ned S °' Uti ° n Was stirred f °r 
c.openten-1-one (800 mg) in anhydrous ^W^t^^!^^ «- t - bu ^^thy.s llyl oxy-2-c y - 
obtained solution was waimed to -40 °C over a per oS Tof 30 mTnute^L ^T . OVer 3 peri ° d ° f 10 minutes - The 
for another 30 minutes. The reaction was tested J JSZ . f ? tem P erature the was stirred 

and the mixture was warmed to •C^An V I 9 SatUrat6d aqU60US solution of ammonium chloride 
washed with a saturated ajeols so? J™ i TSE^^^ ZST 7"£" ^ »~ 

^^^^ 

TLC: Rf 0.57 (hexane : ethyl acetate = 4 ■ 1 )• 

HZ, 2H), 2.16 (dd, J=18. 8 0 Hz, 1H) 1 1 90 (m 1 H) 1 68 1 S in^ n^V HZ ' 1H)> 2 44 (m ' 1H >' 2 28 ft J =? -5 
(s. 3H), -0.13 (s, 3H), -0.29 (s, 3H). ^ (m ' 1 ° H) ' 0 88 (S> 9H) ' 0 83 < s ' 9H >' 0.07 (s, 3H), 0.05 
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Example 1 

(1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprosM 3E-enoic acid methyl 
ester 

[0101] 



10 



15 




[01 021 To a solution of the compound synthesized in reference example 1 3 ( 1 . 0 1 g) in acetonitrile (20 ml) were added 
20 pyridine (2 ml) and hydrofluoric acid - pyridine complex (4 ml) at 0 °C and the mixture was stirred for 3 hours at room 
temperature. The reaction mixture was added into cooled ethyl acetate - a saturated aqueous solution of sodium bi- 
carbonate and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, and dried over anhydrous sodium 
sulfate. The solvent was evaporated under reduced pressure and the residue was purified by column chromatography 
25 on silica gel (hexane : ethyl acetate = 1 : 2->1 : 4-»ethyl acetate) to give the title compound (535 mg) having the 
following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.55 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): S 7.28 (m, 1H), 7.23-7.10 (m, 3H), 5.72 (dd, J=15, 6.2 Hz, 1H), 5.51 (dd, J=15, 8.9 Hz, 1H), 4.48-4.35 
30 (m, 3H), 3.93 (m, 1H), 3.65 (s, 3H), 3.41 (s t 3H), 2.90 (dd, J=14, 5.3 Hz, 1H), 2.82 (dd, J=14, 7.1 Hz, 1H), 2.68 (dd, 
J=18,7.5Hz, 1H), 2.32 (m, 1H), 2.29 (t, J=7.4 Hz, 2H), 2.20 (dd, J=18, 9.8 Hz, 1H), 1.96 (m, 1H), 1.66-1.16 (m, 10H). 

Example 1 (1) 

35 (ii a ,15a)-9-oxo-11,15-dihydroxy-16-(3-ethox acid methyl 

ester ' 7 - 

[0103] 



45 




50 

[01 041 By the same procedures as described in reference examples 1-13 and example 1 , the title compound having 
the following physical data was obtained. TLC: Rf 0.30 (ethyl acetate); 

NMR(CDCI 3 ): S 7.33-7.06 (4H, m), 5.67 (1H, dd, J=15.4 Hz, 6.6 Hz), 5.57-5.18 (3H, m), 4.45 (2H, s), 4.40-4.24 (1H, 
m), 4.02-3.83 (1H, m), 3.83-3.70 (1H, br), 3.65 (3H, s), 3.57 (2H, q, J=7.0 Hz), 2.94-2.58 (4H, m), 2.45-1.96 (9H, m), 
55 1.75-1.54 (2H, m), 1.25 (3H, t, J=7.0 Hz). 
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Example 2 



(11 ce.15 cc)-9-oxo-11 .15-dihydroxy-16-(3-methoxymethylphenyl)-17.18,19.20-tet ra norp ro st-13E.enoi C acid 
[0105] 




SSStM aV2 5 mn°I^ e C ° mP ° r" d Syn,hesized in exam P le 1 (320 mg) in ethanol (2.5 ml) was added phosphate 
Duner (pH 8.0, 2.5 ml) and porcine liver esterase (200 pi + 200 ul) and the mixture w« ctirroH f~r 7k pno f pnale 

wmmwmm 

TLC: Rf 0.43 (chloroform : methanol = 9-1)- 
Example 2(1) -2(15) 



[01 07] By the same procedure as described in reference examples 1 • 
having the following physical data were obtained. 

Example 2 (1) 



1 3 and examples 1 and 2, the title compounds 



[0108] 




TLC: Rf 0.36 (ethyl acetate : acetic acid = 50 ■ 1 )• 
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Example 2 (2) 

(11aJ5a)-9-oxo-11J5-dihyd^^^ acid 
5 [0109] 



10 




TLC: Rf 0.36 (ethyl acetate : acetic acid = 50 : 1 ); 

NMR(CDCI 3 ): 8 7.25-7.01 (m, 4H), 5.74 (dd, J=15.4, 6.2 Hz, 1H), 5.54 (dd, J=15.4, 8.8 Hz, 1H), 4.46-4.32 (m, 1H), 
4.06-3.88 (m, 1H), 3.66 (t, J=7.2 Hz, 2H), 3.52 (q, J=7.0 Hz, 2H), 3.40-3.00 (br, 3H), 2.95-2.60 (m, 5H), 2.43-2.11 (m, 
20 - 4H), 2.07-1.89 (m, 1H), 1.72-1.24 (m, 10H), 1.19 (t, J=7.0 Hz, 3H). 

Example 2 (3) 

(11 a,15 a)-9-oxo-11,15-dihydroxy-16-(3-ethoxymethylphenyl)-17,18,19 f 20-tetranorprost-13E-enoic acid ^-[t 

25 

[0110] 



30 



35 




TLC: Rf 0.31 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 5 7.33-7.06 (4H, m), 5.70 (1H, dd, J=15.3 Hz, 6.6 Hz), 5.48 (1H, dd, J=15.3 Hz, 8.4 Hz), 5.30-4.60 (3H, 
40 br), 4.46 (2H, s), 4.42-4.28 (1H, m), 4.00-3.82 (1H, m), 3.57 (2H, q, J=7.0 Hz), 2.94-2.58 (3H, m), 2.42-2.08 (4H, m), 
2.04-1.86 (1H, m), 1.72-1.14 (13H, m). 

Example 2 (4) 

45 (11 a,15 a)-9-oxo-11,15-dihydroxy-16-(3-methyl-4-hydroxyphenyl)-17,18,19,20-tetranorprost-13E-enoic acid 
[0111] 
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TLC: Rf 0.15 (chloroform : methanol : acetic acid = 40 • 2 * 1V 

3H), 2.2-1.9 (m, 2H), 1.7-1.2 (m, 10H). } ' ^ 2H) ' 2A ' Z2 {m ' 1H) ' 2 28 <«■ J = 7 ^ 2H). 2.14 (s. 

Example 2 (5) 

[0112] 



15 



20 



25 



f ^ v ^COOH 




TLC: Rf 0.40 (chloroform : methanol = 9 • 1)- 

(m, 5M). 2.34 , m , ,H|. 2.24 («. J-! 9 . „{£ 1H), £, 1£J '* J " 2 "' 6 3 2H »- Z88 - 2 K 

30 Example 2 (6) 

2,3 > 4,5,17,18 t 19,20-octanorprost-13E-enolcacld Pnenyiene)- 
35 [0113] 




so TLC: Rf 0.39 (chloroform : methanol = 9 ■ 1)- 



55 



Hz. 1H), 4.37 (m, 1H), 3.97 m, 1H), 3 64 (t j=7 1 Hz 2H) 36? X J-ri »' ^ 62 H2 ' 1H) ' 5 48 (dd ' J=15 ' 8 6 
2.35 (m . 1H ). 2.25 <dd. J=19, 9.8 Hz. 1H), koB-V.0 ft. 3H) "iftSi^"^ 60 ^ 7H) ' 267 <* 3H >' 
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Example 2 (7) 

(11a,15a)-9-oxo-11,15-dihydroxy-1 6-(3-methyl-4-hydroxyphenyl)-1,6-(1 ,4-phenylene) - 
2,3,4,5, 17,1 8, 19,20-octanorprost-13E-enoic acid 

[0114] 




TLC: Rf 0.26 (chloroform : methanol = 9 : 1); 

NMR(CDCI 3 ): S 7.90 (d, J=8 Hz, 2H), 7.15 (d, J=8 Hz, 2H), 6.89 (s, 1H), 6.82 (d, J=8 Hz, 1H), 6.59 (d, J=8 Hz, TH); 
5.62 (dd, J=15, 7 Hz, 1H), 5.42 (dd, J=15, 9 Hz, 1H), 4'.22 (q, J=8 Hz, 1H), 3.96 (q, J=8 Hz, 1H), 2.81 (dd, J=14, 6 Hz, 
1H), 2.7-2.55 (m, 4H), 2.4-2.3 (m, 1H), 2.10 (dd, J=18, 8 Hz, 1H), 2.08 (s, 3H), 2.0-1.9 (m, 1H), 1,9-1.7 (m, 1H), 1.8-1.6 . 
(m, 1H). 

Example 2 (8) r 

(11a,15a)-9-oxo-11,15-dihydroxy-16-(3-methoxymethylphenyl)-1,6-(1,4-phenylene)- 
2,3,4,5, 17, 18,1 9, 20-octanorprost-13E-enoic acid 

[0115] 




TLC: Rf 0.18 (chloroform : methanol: acetic acid = 40 : 2 : 1); 

NMR(CDCI 3 ): 8 7.98 (d, J=8 Hz, 2H), 7.3-7.1 (m, 6H), 5.72 (dd, J=16, 6 Hz, 1H), 5.42 (dd, J=16, 9 Hz, 1H), 4.5-4.3 
(m, 3H), 4.0-3.8 (m, 1H), 3.41 (s, 3H), 2.9-2.6 (m, 5H), 2.4-2.1 (m, 2H), 2.0-1.6 (m, 3H). 
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Example 2 (9) 



[0116] 



10 



15 




20 



TLC: Rf 0.39 (chloroform : methanol = 9 ■ 1)- 
Example 2 (10) 



25 (11 a,15 a).9-oxo.11,15-dihydroxy.1 ^.(^ethoxyethyDphenylJ-ir^S.ig^O-tetranorp, 
[0117] 



rast-52, 13E-dienoicacid 



30 



35 




TLC: Rf 0.43 (chloroform : methanol = 9 • 1)- 

toss tjzxti svi r »* 530 * »* 

(m. 2H,, 2.69 ,«. J.,,. 7.6 Hz. ,„,. 2.45.,.94 < (m . ^ ^ ^ ft ^ » *, 2H). 2.83 



50 
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Example 2 (11) 

(11a,15a)-9-oxo-11,15-dihydroxy-16-^ acid 
5 [0118] 



10 




HO 



TLC: Rf 0.35 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 8 7.34-7.08 (4H, m). 5.69 (1H, dd, J=15.4 Hz, 6.2 Hz), 5.50 (1H, dd, J=15.4 Hz, 8.0 Hz), 5.43-5.26 (2H, 
20 m), 5.26-4.70 (3H, br), 4.46 (2H, s), 4.45-4.34 (1H, m), 4.00-3.82 (1H, m), 3.58 (2H, q, J=7.0 Hz), 2.84 (2H, d, J=6.2 
Hz), 2.78-2.58 (1H, m), 2.46-1.94 (9H, m), 1.78-1.53 (2H, m), 1.24 (3H, t, J=7.0 Hz). 



Example 2(12) 

25 (1 5oc)-9-oxo- 1 5-hydroxy-1 6-(3-ethoxymethylphenyl)-1 7,18,1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
[0119] 



30 



COOH 




40 



45 



TLC: Rf 0.45 (chloroform : methanol = 19:1); 

NMR(CDCI 3 ): 5 7.34-7.11 (m, 4H), 5.72 (dd, J=15.6, 6.3 Hz, 1H), 5.68-5.60 (m, 1H), 5.52-5.32 (m, 2H), 4.50 (s, 2H), 
4.48-4.40 (m, 1H), 3.58 (q, J=6.9 Hz, 2H), 3.10-2.90 (m, 4H), 2.54-1.86 (m, 10H), 1.78-1.50 (m, 4H), 1.25 (t, J=6.9 Hz, 
3H). 
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Example 2 (13) 



5 [0120] 



5Z,13E-dienoic acid 



w 



15 



20 



25 



COOH 




TLC: Rf 0.46 (ethyl acetate : acetic acid =19:1) 



<m. 4H). 2.14 (,, 3H), 2.2-2.0 (m, 5H). l.W S JJaJ ' "* iW <«*«. »*. 1H), 2.7-2.5 (m. 2H). 2.4-2. 



Example 2 (14) 
[0121] 



5Z,13E-dlenolc acid 



30 



35 



40 




TLC: Rf 0.37 (chloroform : methanol » 9 • 1)- 

OH, m), 1.67 (2H, m). 1 ' 89 (2H ' d ' J 6 6 Hz >' 2 69 < 1H - d *, J-18, 8.2 Hz), 2.44-1.97 



(9H, m), 1.67 (2H, m). 



45 
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Example 2 (15) 

(15a)-9-oxo-15-hydroxy-16-(3-methoxymethylphen acid 
5 [0122] 




TLC: Rf 0.27 (ethyl acetate); 

NMR(CDCI 3 ): 6 7.35-7.10 (rn, 4H), 5.90-5.54 (m ( 3H), 5.48-5.30 (m, 2H), 4.44 (s, 2H), 4.43-4.33 (m, 1H), 3.40 (s, 3H), 
20 2.95-2.74 (m, 2H), 2.58-1.84 (m, 11H), 1.78-1.42 (m, 4H). 

Reference example 14 

(Z)-7-[(1R,2S,3R,5R)-5-chloro-2-hydro 
25 ester *!c*g%$J?. 

[0123] 




COOMe 



35 £ 

THPO 



[0124] To a solution of methyl (Z)-7-[(1R,2S,3R,5R)-5-hydroxy-2-(1-methyl-1-methoxy) ethoxymethyI-3-(2-tetrahy- 
dropyranyloxy)cyclopentan-1-yl)-5-heptenoate (50.0 g) and triethylamine (48.8 ml) in methylene chloride (250 ml) was 

40 added mesyl chloride (13.6 ml) in methylene chloride (50 ml) at 0 °C dropwise and the mixture was stirred for 1 hour 
at the same condition. To this solution was added water (200 mi) and the mixture was extracted with ethyl acetate 
twice. The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulfate and concentrated to give a crude compound (mesyl compound). 
[0125] To a solution of thus obtained mesyl compound in toluene (600 ml) was added tetrabutylammonium chloride 

45 (48.6 g) and potassium carbonate (48.3 g) and the mixture was stirred for 4 hours at 60 °C. The mixture was allowed 
to cool to 20 °C and to this solution was added water (300 ml) and the mixture was extracted with ethyl acetate (600 
ml + 400 ml). The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried 
over anhydrous sulfate, concentrated to give the crude compound (chloro compound, 52 g). 

[0126] To a solution of thus obtained chloro compound in tetrahydrofuran (250 ml) was added a 0.2 N hydrochloric 
50 acid (100 ml) at -5 °C dropwise over a period of 1 hour and the mixture was stirred for 3 hours at the same condition. 
To the mixture was added a 1 N hydrochloric acid (10 ml) dropwise and the mixture was stirred for 1 hour. To this 
solution was added a saturated aqueous solution of sodium bicarbonate (300 ml) and the mixture was extracted with 
ethyl acetate (400 ml + 300 ml). The organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous magnesium sulfate and concentrated. The residue was purified by column chromatog- 
55 raphy on silica gel (hexane : ethyl acetate = 3 : 1) to give the title compound (16.5 g) having the following physical data. 
TLC: Rf 0.41 (hexane : ethyl acetate = 1:1, HPTLC); 

NMR(CDCI 3 ): 6 5.45-5.30 (m ( 2H), 4.64-4.48 (m, 1H), 4.30-3.68 (m, 4H), 3.60 (s, 3H), 3.56-3.40 (m, 2H), 2.4-1.4 (m). 
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Reference example 15 

(Z)-7- [ (1R. 2 R,3R.5R^-ch,o^^ 
[0127] 




THPO 



COOMe 

"CHO 



mixture was stirred for 30 minutes at mJJSSSS^^l"^^ °° n,p,eX (21? S) in water bath - The 
20 with ethyl acetate. The organic aye ^tS^^^^T^^^^ 1 ^^" 1 ^ 
dried over anhydrous magnesium a f turated aqueous solution of sodium chlonde. 

Reference example 16 



3-f3-methoxy m ethy,-4-(2-tetrahyd rop yr a ny l yoxy) phenylJ-2-oxopropy.phosphonic acid dimethy, 
[0130] 



35 



40 



45 



50 




internal temperature kept under -65 -C / nS oi£e Tpale tli^^ET* hT " P8 * d ° f 1 h ° Ur With the 
was added a solution of 3-memoxymethyl^(2-te^hvdr™iT k T tlrrSd f ° r another 1 hour and ther *to 
drous tetrahydrafuran (5 ml) dropiTo^pe riSSS KW""' *** me,hyl SSter < 15 «»> in anh y 
was terminated by adding acetic add £06 mTanS 2 S w^! StiTCd f ° r 3 h ° Urs and the reac «on 
mixture was added water and separated into ira laJerT tS,?JT , t0 Warm *° r00m ,em P^ture. To the 

the organic iayer was washed with Crated SEJlSZ? XTSE?! ?-T ^ ^ W « 
sulfate, concentrated to give the crude compound The cmde ^L„,f n H T*' d " ed ° Ver annvdro ^ sodium 

silica gel (hexane : ethyl acetate = 1: ™Z T PUnf ' ed by C °' Umn ^^^ography on 
(1 .3 g) having the following physical date aC6tat °^*W acetate = niethanol = 20 : 1) to give the title compound 



Description : pale yellow oil; 
TLC: Rf 0.21 (ethyl acetate); 
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Reference example 17 

(9 p, 1 1 a)-9-chloro-1 1 -(2-tetrahydropyranyloxy)- 1 5-oxo- 1 6-[3-methoxymethyl-4-(2-tetrahydropyranyloxy) phenyi]- 
17,18,19,20-tetranorprost-5Z,13E-dienoicacid methyl ester 

5 

[0132] 



10 



15 




[0133] The compound synthesized in reference example 16 (233 mg) was dissolved in tetrahydrofuran (5 ml) and 
20 thereto was added sodium hydride (18 mg) at 0 °C and the mixture was stirred for 20 minutes. To this solution was 
added a solution of the compound synthesized in reference example 15 (150 mg) in tetrahydrofuran (1.5 ml) dropwise 
and the mixture was stirred for 2 hours. The reaction solution was cooled to 0 °C and thereto was added acetic acid 
(0.051 ml). The mixture was stirred and extracted with water and hexane, and the organic layer was washed with water 
and a saturated aqueous solution of sodium chloride successively, and dried over anhydrous sodium sulfate? The 
25 aqueous layer was extracted with hexane and the organic layer was washed with water and a saturated aqueousi* 
solution of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic layer and the 
mixture was concentrated under reduced pressure. The crude compound was purified by column chromatography on 
silica gel (hexane : ethyl acetate = 9 : i-»4 : 1->3 : 1) to give the title compound (215 mg) having the following physical 
data: 

30 TLC: Rf 0.43 (hexane : ethyl acetate = 2:1); 

NMR(CDCI 3 ): 5 7.22 (s, 1H), 7.05 (s, 2H), 6.91-6.76 (m, 1H), 6.19 (t, J=15.0 Hz, 1H), 5.50-5.25 (m, 3H), 4.64-4.42 (m, 
3H), 4.23-4.08 (m, 1H), 4.06-3.94 (m, 1H), 3.92-3.70 (m, 3H), 3.66 (s, 3H), 3,66-3.54 (m, 2H) ( 3.43 (s, 3H), 3.40-3.30 
(m, 1H), 2.50-1.38 (m, 24H). 

35 Reference example 1 8 

(9P, 1 1 a, 1 5£)-9-chloro-1 1 -(2-tetrahydropyranyloxy)- 1 5-hydroxy-1 6-[3-methoxymethyl-4-(2-tetrahydropyranyioxy) 
phenyl]-17,18,19,20-tetranorprost-5Z,13E-dienoic acid methyl ester 

40 [0134] 



45 



50 




[0135] The compound synthesized in reference example 17 (210 mg) was dissolved in tetrahydrofuran (2 ml) and 
thereto was added (R)-2-methyl-CBS-oxazaborolidine (0.066 ml, 1.0 M solution in toluene) was added at 0 °C and 
55 thereto was added borohydride (1 M solution in tetrahydrofuran, 0.23 ml) dropwise. The mixture was stirred for 20 
minutes, to the reaction solution was added methanol (0.5 ml), and the mixture was extracted with a 1N hydrochloric 
acid and ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium bicarbonate, water 
and a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate, and the mixture was com- 
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£2X • p °'* ^is ' >m • ^a, ,5 - p ""'*" Llns ' ° m ' 

TLC: Rf 0.28 (hexane : ethyl acetate = 2 ■ 1)- 

2H), 2.40-1.20 (m, 25H) ' " 3 M ""• 1H) ' *» »*• » " (»■ 3H). 2.84-2.66 (m. 

Example 3 

[0136] 




solution was added water and a saturated ^aqueous ?JT£!? 1, w at TOOni tem P erature - *> ««■ reaction 

ethyl aoetate. The organic layer was Sashed SST.SSi! Z^llS? 8 "7 *" W3S Med 

anhydrous sodium sulfate, On the other hand, the ^ aqueousTayer ^eZT^L^T™* 1*""* "* * tod ° V6r 
was washed with a saturated aqueous solution of sodium h, w T ^ a ° etate and the or 9 anic ia V er 

with the former organic layer and the ^S^h^^Z' d " ed °^f r anh ^^ sodium sulfate and combined 
purified hy column chromatography ^^S^^^r^^^ ™ 
mg) having the following physical data. aceraie i . . 2) to give the title compound (97 

Description : colorless oil; 
TLC: Rf 0.51 (hexane : ethyl acetate = 1 ■ 3)- 

2.76 W 2-5.4. ,3. 5 „, )H) . '. 7 i ^ SfK^S^^'™™*'* ° « •» »» 
Example 4 

[0138] 
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[0139] The compound synthesized in example 3 (81 mg) was dissolved in methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide (1 ml) and the mixture was stirred for 2 hours at room temperature. To this 
reaction solution was added a 1 N hydrochloric acid (2.2 ml) and thereto was added water and ethyl acetate, the organic 
layer was washed with water and a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate. 

5 On the other hand, the aqueous layer was extracted with ethyl acetate and the organic layer was washed with water 
and a aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic 
layer and the mixture was concentrated under reduced pressure. The crude compound was purified by column chro- 
matography on silica gel (chloroform : methanol = 20 : 1->10 : 1) to give the title compound (73 mg) having the following 
physical data. 

10 Description: colorless oil; 
more polar: 

TLC: Rf 0.57 (chloroform : methanol = 9:1); 

NMR(CDCl 3 ): 5 7.02 (dd, J=1.8, 8.4 Hz, 1H), 6.87 (d, J=1.8 Hz, 1H), 6.80 (d, J=8.4 Hz, 1H), 5.58 (dd, J=6.0, 15.6 Hz, 
1H), 5.53-5.35 (m, 3H), 4.60 (s, 2H), 4.34-4.24 (m, 1H), 4.10-3.96 (m, 2H), 3.44 (s, 3H), 2.80-2.66 (m, 2H), 2.40-1.85 
15 (m, 10H), 1.77-1.60 (m, 2H). 

Example 4 (1)~4 (12) 

[0140] By the same procedures as described in reference example 14-18 and example 3 and 4, the title compounds 
20 having the following physical data were obtained. 

Example 4(1) 

(90, 1 1 a, 1 5£)-9-chloro-1 1 , 1 5-dihydroxy-1 6-[3-(2-ethoxyethyl)-4-hydroxyphenyl]-1 7,18,1 9,20-tetranorprost-5Z, 1 3E- > 
25 dienoic acid 

[0141] "J 



30 



35 




40 more polar: 

TLC: Rf 0.43 (chloroform : methanol =9 : 1); 

NMR(CDCI 3 ): 6 8.60-8.00 (br, 1H), 6.97 (dd, J=2.1, 8.1 Hz, 1H), 6.90-6.82 (m, 2H), 5.61 (dd, J=6.0, 16.2 Hz, 1H), 
5.55-5.35 (m, 3H), 4.35-4.25 (m, 1H), 4.20-3.98 (m, 2H), 3.72 (t, J=4.8 Hz, 2H), 3.56 (q, J=7.2 Hz, 2H), 2.85 (t, J=5.4 
Hz, 2H), 2.77 (dd, J=5.4, 13.2 Hz, 1H), 2.69 (dd, J=7.8, 13.2 Hz, 1H), 2.40-1.85 (m, 10H), 1.80-1.60 (m, 2H), 1.24 (t, 
45 J=7.2 HZ, 3H). 
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Example 4 (2) 
[0142] 




20 



25 



30 



more polar: 

TLC: Rf 0.36 (chloroform : methanol = 9 1)- 

(m, 10H), 1.71 (m, 2H|. 1.22 ft j=" .51 Hz 3H) ' ' 2H '' 2 ' 6 ' ( * J "' 5 Hi 2H >' 2 45 <*• «), 2.42-1.86 

Example 4 (3) 



[0143J 



1 3E-djenoic acid 



35 



40 



45 



50 



COOH 




less polar: 

TLC: Rf 0.26 (chloroform : methanol = 9 • 1)- 

2.7-2.2 (br). 2.4-1.8 (m, 10H), 1.8-1.6 (m, 2HJ ' 1H) ' 2 ' 94 ( dd ' J =13,6Hz, 1H).2.79(dd, J=13, 7Hz. 1H), 
more polar: 

TLC: Rf 0.24 (chloroform : methanol = 9 • 1)- 

NMR(CDCI 3 +CD 3 OD): 5 7.3-7.1 (m, 4H), 5.59 (dd J=15 6 Hz 1m <;««;•«/ ,oi . 

1H). 4.05-3.95 (m, 2H), 2.85 (d, J=6 Hz.^H), 2. ( 8-2'.3 £ 2.2.8 (m .^H^i^S .2H). ^ 2H) ' °* ^ J=6 H * 
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Example 4 (4) 

(9pj1a,15Q-9-chloro-11,15^ 
acid 

[0144] 




more polar: 

TLC: Rf 0.44 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 5 7.28-7.01 (m, 4H), 5.62 (dd, J=15.3, 5.7 Hz, 1H), 5.58-5.36 (m, 3H), 4.43-4.30 (m, 1H), 4.10-3.98 (m, 
2H), 3.70-3.52 (m, 3H), 3.50-3.00 (br, 3H), 2.92-2.74 (m, 4H), 2.43-1.84 (m, 10H). 1.80-1.60 (m, 2H), 1.15 (d, J=6;0 
Hz, 6H). 

Example 4 (5) 

(9P, 1 1 a, 1 5£)-9-chloro-1 1 , 1 5-dihydroxy- 1 6-(3-isopropyloxymethylphenyl)- 1 7 , 1 8, 1 9 ,20-tetranorprost-5Z,13E-dienoic— 
acid 

[0145J 




more polar: 

TLC: Rf 0.34 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 5 7.35-7.08 (m, 4H), 5.65 (dd, J=15.6, 5.2 Hz, 1 H), 5.59-5.35 (m, 3H), 4.48 (s, 2H), 4.47-4.37 (m, 1H), 
4.12-3.92 (m, 2H), 3.73 (sep, J=5.8 Hz, 1H), 2.91 (dd, J=13.4, 5.6 Hz, 1H), 2.81 (dd, J=13.4, 7.0 Hz, 1H), 2.74-1.82 
(m, 13H), 1.82-1.54 (m, 2H), 1.23 (d, J=5.8 Hz, 6H). 
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Example 4 (6) 
[0146] 



1 7, 18, 19,20-tetranorprost-5Z, 1 3E- 



10 



20 



25 




more polar: 

TLC: Rf 0.37 (chloroform : methanol = 9-1)- 



Example 4 (7) 
[0147] 



1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 



35 



45 



50 




more polar: 

TLC: Rf 0.31 (chloroform : methanol = 10 1)- 

NMR(CDCI 3 ): 5 7.28-7.00 (rn, 4H), 5.61 (dd j=15 4 5 8 Hz c« c „ , 
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Example 4 (8) 

(9P, 1 1 a, 1 5^)-9-chloro-1 1 , 1 5-dihydroxy- 1 6-(3-propyl-4-hydroxyphenyl)- 17,18,1 9 , 20-tetranorprost-5Z, 1 3 E-dienoic acid 
5 [0148] 



10 




more polar: 

TLC: Rf 0.29 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 6.95 (d, J=2. 1 Hz, 1 H), 6.89 (dd, J=2. 1 , 8.4 Hz, 1 H), 6.69 (d, J=8.4 Hz, 1 H), 5.70-5.38 (m, 4H), 4.42-4.30 
20 (m, 1H), 4.17-4.00 (m, 2H), 2.86-2.68 (m, 2H), 2.55 (t, J=7.5 Hz, 2H), 2.40-1.85 (m, 10H), 1.85-1.50 (m, 4H), 0.97 (t, 
J=7.2 Hz, 3H). 

Example 4 (9) 

25 (90, 1 1 a, 1 5£)-9-chloro-1 1 , 1 5-dihydroxy- 1 6-[3-(2-propyloxyethyl)phenyl]-1 7, 1 8,1 9,20-tetranorprost-5Z, 1 3E-dienoicr. 
acid 

[0149] 



35 




40 more polar: 

TLC: Rf 0.45 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 6 7.30-7.00 (m, 4H), 5.63 (dd, J=15.4, 5.4 Hz, 1H), 5.57-5.35 (m, 3H), 4.45-4.30 (m, 1H), 4.13-3.96 (m, 
2H), 3.96-3.00 (br, 3H), 3.64 (t, J=7.1 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.70 (m, 4H), 2.40-1.82 (m, 10H), 1 .82-1 .48 
(m, 4H), 0.89 (t, J=7.3 Hz, 3H). 



63 



EP1 114 816 A1 



Example 4 (10) 



(9P,11a,15^9-ch^ 
5 [0150J 



13E-dienoic acid 



10 



15 



20 



30 



35 



40 




more polar: 

TLC: Rf 0.55 (chloroform : methanol = 9 • 1V 

NMR(CDCI 3 ): 6 7.34-7.06 (m, 4H), 5.61 (dd J=16 57 Hz1H^«^^ ,■ 
2H). 3.90 (br, 3H), 3.47 (t, J=6.8 Hz, 2H 2 85 m 2H) 2 34 i J 6 7 t 5n h¥J£ ^ 4 38 ^ W) > 4 00 < m ' 
0.94 (t, J=7.4 Hz, 3H). 1 ' (t ' J ~ 6 7 Hz ' 2H >' 2 -29-1.81 (m, 8H), 1.78-1.54 (m, 4H), 



Example 4 (11) 

(9P.1 1 a,15y-9.f l uo ro o 1 , 15 - dj hydroxy-16-(3-ethoxymethy.pheny I )- 1 7^ 
[0151] 



5Z,13E-dienoicacid 



COOH 




more polar: 

TLC: Rf 0.55 (chloroform : methanol = 9:1); 



^zThX^ ff- 535 ^ «■«.« On. 1H), 4.48 (s, 2H ). 4 44 {q 

Hz, 1H). 2.ill.8 (m12H) 2 4 ^ 3H) ' 3 58 (q ' J=7 HZ ' 2H >' 2 91 (*■ J-14. 6 Hz, 1H), 2 83 (dd, J=14 6 
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Example 4 (12) 

(9p, 11 a, 1 5£)-9-fluoro-11 ,1 5-dihydroxy-16-(3-propyloxymethylphenyl)-1 7,18,1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
5 [0152] 



10 



15 




more polar: 

TLC: Rf 0.67 (chloroform : methanol = 9 : 1); 
20. NMR(CDCI 3 ): 5 7.36-7.08 (m, 4H), 5.65 (dd, J=15, 5.4 Hz, 1H), 5.57-5.33 (m, 3H), 4.78 (m, 1 H), 4.48 (s, 2H), 4.43 (m, 
1H), 3.98 (m, 1H), 3.51 (br, 3H), 3.47 (t, J=6.8 Hz, 2H), 2.87 (m, 2H), 2.40-1.54 (m, 14H), 0.94 (t, J=7.5 Hz, 3H). ' 

Reference Example 19 

25 (9a, 11a)-9-acetyloxy-11-(2-tetrahydropyranyloxy)-15-oxo-16-(3-methoxymethylphenyl)-17, 18,19,20-tetranorprost-- / 
13E-enoic acid methyl ester 1 

[0153] 



35 




40 

[01 54] Under atmosphere of argon, to a solution of 3-(3-methoxymethylphenyl)-2-oxopropylphosphonic acid dimethyl 
(172 mg) in anhydrous tetrahydrofuran (10 ml) was added sodium hydride (62.5%, 22 mg) and the obtained white 
suspension was stirred for 45 minutes. Thereto was added a solution of methyl 7-[(1 R,2R,3R,5S)-5-acetyloxy-2-formyl- 
3-(2-tetrahydropyranyloxy) cyclopentan-1-yl]heptanoate (200 mg) in anhydrous tetrahydrofuran (6 ml) and the mixture 

45 was stirred for 20 hours. The reaction was quenched by adding acetic acid at 0 °C and the mixture was poured into 
water. The reaction mixture was extracted with ethyl acetate and the organic layer was washed with a saturated aqueous 
solution of sodium chloride, dried over anhydrous sodium sulfate and concentrated. The residue was purified by column 
chromatography on silica gel (hexane : ethyl acetate = 3 : 1-»2 : 1) to give the title compound having the following 
physical data (209 mg). 

so Description : yellow oil; 

TLC: Rf 0.29 (hexane : ethyl acetate = 2:1); 

NMR(CDCI 3 ): 5 7.40-7.10 (m, 4H), 6.78 (m, 1H), 6.25 (m, 1H), 5.11 (m, 1H), 4.47 (m, 1H), 4.44 (s, 2H), 4.20-3.20 (m, 
3H), 3.84 (s, 2H), 3.66 (s, 3H), 3.39 (s, 3H), 2.77-2.32 (m, 2H), 2.29 (t, J=7.6 Hz, 2H), 2.05 (s, 3H), 1.89-1.02 (m, 18H). 
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Reference Example 20 
[0155] 



10 



15 



30 



AcQ 



THPO 




To the reacfion solution was added SJS ? Im 21 ^^S^ln S °' Uti0n h t0 ' Uene - 7 *MW>. 
utes and the mixture was stirred for 45 minutes Thl tetraf W™, 220m + 70ul) overa period of 2 min- 
reaction mixture was extracted^ ^^thy. aTate anoVe or^ni.T 8 ^ ^ methan °' at 0 ° C and 

of sodium ch.oride. dried over anW^ 

ooiumn chromatography on siiica K^SSSSES = 3 2™ 2) " TSt ^ reSidUS ^ by 
polar isomer at 15-position) having the following physica data " ' 9 6 Compound < 164 m 9. more 

Description : colorless oil ; 
TLC: Rf 0.43 (hexane : ethyl acetate = 1-1)- 

™^ 

1.98-1.02 (m. 18H). { ' *°" 2 83 (m ' 2H) ' 2 57 - 2 - 33 < m - 2H ^ 2 -29 (t, J=7.5 Hz, 2H), 2.05 (s, 3H). 

Reference Example 21 

" SnoL^ 
[0157] 

40 



45 



55 




THPO 



m.xture was stirred overnight. The reaction mixture wafeSd wfth ^^^k^ 08 ** (? ' 8 mg) and the 
with a saturated aqueous solution of sodium chloride drie^Tr JSlf* ! 8 *" ° r9ani ° ' ayer was washed 
orated to give the crude compound. The c^de rescue wa f^Z,! ^ SU ' fate and me s °'vent was evap- 

a 2N aqueous solution of sodium hydride (2 mO and^h! T^™' (4 m,) a " d to the soluti °" wa * added 

acidified by adding a 1 N aqueous 22 5 S^SZTo'SS^ T ^ ^ WaS 
acetate. The organic iayer was washed with water ^^^^^^^ 
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over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound (199 mg). The crude 

compound was used in the next reaction without further purification. 

Description : pale yellow oil; 

TLC: Rf 0.30 (hexane : ethyl acetate = 1:3). 

Example 5 

(11a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethylphenyI)-1 7, 1 8, 1 9,20-tetranorprost-1 3E-enoic acid 
[0159] 




[0160] Under atmosphere of argon, to a solution of the compound synthesized in reference example 21 (199 mg)'in 
acetone (1.5 ml) was added Jones reagent at -30 °C until the starting material disappeared. To the mixture was added 
isopropanol and the mixture was warmed to -1 5 °C and thereto was added diethyl ether and water. The reaction mixture^-' 
was extracted with diethyl ether and the organic layer was washed with water twice and a saturated aqueous solution 
of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound. 
The crude compound was dissolved in a mixture of acetic acid-tetrahydrofuran-water (2 ml + 1 ml + 0.5 ml). The reaction 
solution was stirred for 2 hours at 50 °C. The reaction solution was extracted with ethyl acetate. The organic layer was 
washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : 
ethyl acetate = 1 : 2 + 1% acetic acid->1 : 4 + 1% acetic acid) to give the title compound (80 mg) having the following 
physical data. 

Description : pale yellow oil; 
more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9 : 1); 

NMR(CDCl 3 ): 5 7.33-7.10 (m, 4H), 5.73 (dd, J=15, 6.3 Hz, 1H), 5.53 (dd, J=15, 8.6 Hz, 1H), 4.49-4.37 (m, 3H), 3.94 
(rn, 1H), 3.42 (s, 3H), 3.38 (br, 3H), 2.89 (dd, J=14, 5.6 Hz, 1H), 2.82 (dd, J=14, 7.2 Hz, 1H), 2.69 (ddd, J=19, 7.7, 1.1 
Hz, 1H), 2.32 (t, J=7.8 Hz, 2H), 2.31 (m, 1H), 2.20 (dd, J=19, 9.8 Hz, 1H), 1.97 (m, 1H), 1.67-1.20 (m, 10H). 

Example 5(1) -5 (15) 

[01 61] By the same procedures as described in reference example 19-21 and example 5, the title compounds having 
the following physical data were obtained. 
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Example 5 (1) 



[0162] 



acid 



10 



20 




more polar 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 : 1) 



Example 5 (2) 
[0163] 



13E-enoic acid 



30 



35 



40 




more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 : 1); 



50 



55 
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Example 5 (3) 

(11a , 15^-9-oxo-11 ;15-dihydroxy acid 
[0164] 




more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): S6.81 (m, 1H), 6.72 (m, 2H), 5.73 (dd, J=15, 6.0 Hz, 1H), 5.54 (dd, J=15, 8.5 Hz, 1H), 4.41 (s, 2H), 4.40 
(m, 1H), 3.96 (m, 1H), 3.80 <s, 3H), 3.43 (br, 3H), 3.41 (s, 3H), 2.82 (m, 2H), 2.71 (dd, J=18, 7.2 Hz, 1H), 2.44-2.12 
(m, 4H), 1 .96 (m, 1 H), 1 .74-1 .1 8 (m, 1 0H). ^yfe^ ! 

Example 5 (4) 

(1 1 a, 1 5£)-9-oxo- 11,1 5-dihydroxy-1 6-[3-(2-propyloxyethyl)phenyl]-1 7, 1 8, 1 9,20-tetranorprost-1 3E-enoic acid 
[0165] 




more polar: 

TLC: Rf 0.51 (chloroform : methanol = 9 ; 1); 

NMR(CDCI 3 ): 5 7.31-7.00 (m, 4H), 5.75 (dd, J=15, 5.9 Hz, 1H), 5.57 (dd, J=15, 8.6 Hz, 1H), 4.42 (m, 1H), 3.98 (m, 
1H), 3.67 (t, J=7.4 Hz, 2H), 3.42 (t, J=6.8 Hz, 2H), 2.96-2.79 (m, 4H), 2.71 (dd, J=18, 7.4 Hz, 1H), 2.38 (br, 3H), 
2.37-2.12 (m, 4H), 1.98 (m, 1H), 1.71-1.13 (m, 12H), 0.89 (t, J=7.3 Hz, 3H). 
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Example 5 (5) 



[0166] 



5Z,13E-dienoicacid 



o 



20 




HO 



more polar: 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 ■ 1)- 

1.16 (a. M Hz, em. 1 3 7 " 3 ' 55 <m ' 3H) - 29 ' 26 5H >. 2 1-2.1 =H>. 1.8-1.6 (m. 2H). 

Example 5 (6) 



» (l1a ' 15 ^ 9 - oxo - 11 ^-dlhydroxy.16-(3.isopro P yloxymeth 
[0167] 



13E-dienoic acid 



40 




more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 • 1)- 

(«. 4H). 2*,, , m . 5H,. ,.75.i. 55 k' ifS.^ H^H^S 3hT J- ' 8 ' ' '* 2 « 2 = 
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Example 5 (7) 

(11a^5Q-9-oxo-11,15-dihydroxy-16-(3-methoxymethyl-5-methoxyph 
acid 

[0168] 




more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCl 3 ): 5 6.81 (m, 1H), 6.72 (m, 2H), 5.71 (dd, J=15, 5.4 Hz, 1H), 5.55 (dd, J=15, 7.9 Hz, 1H), 5.40 (m, 2H), 
4.44 (m, 1H), 4.41 (s, 2H), 3.96 (m, 1H), 3.80 (s, 3H), 3.42 (s, 3H), 3.38 (br, 3H), 2.84 (m, 2H), 2.70 (dd, J=19, 7.3 Hz, 
1H), 2.45-1.98 (m, 9H), 1,66 (m T 2H). 

Example 5 (8) 

( 1 1 a, 1 5£)-9-oxo- 11,1 5-dihydroxy- 1 6-[3-(2-propyloxyethyl)phenyl]-1 7,18,1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
[0169] 




more polar: 

TLC: Rf 0.49 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.31-7.00 (m, 4H), 5.71 (dd, J=16, 5.6 Hz, 1H), 5.56 (dd, J=16, 7.9 Hz, 1H), 5.39 (m, 2H), 4.42 (m, 
1H), 3.97 (m, 1H), 3.95 (br, 3H), 3.66 (t, J=7.1 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.78 (m, 4H), 2.70 (dd, J=19, 7.2 
Hz, 1H), 2.46-1.95 (m, 9H), 1.79-1.47 (m, 4H), 0.89 (t, J=7.4 Hz, 3H). 
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Example 5 (9) 



(11a,15^)-9-oxo-11,15-dihydroxy-16-(3-pro P y..4-hydroxyphenyl)-17,18,19,20-tetr a norp ro st- 



13E-enoic acid 



[0170] 



10 



20 



25 



COOH 




HO 



OH 



more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 ■ 1)' 

NMR(CD 3 OD):6 6.88(d ) J=2.0Hz,1H),6.82(dd , J=8 2 2 0 Hz 1H\ 6 fn M J « o u 

1H), 5.47 (dd. J-15.4, 6.6 Hz, 1H) 4 24 (m H) 3 ge Urn M 9 «^ u\ 2 1H) ' 560 (dd ' J=15 ' 4 ' 66 Hz - 

2-19-1.86 (n, 2H)) 1.70-1.08 <m, 12H) 0M«^ ^ 1H) ' 2 ' 72 " 2 - 42 (m ' 4H >' K 3H), 

Example 5 (10) 



(11a,15S)-9-oxo-11,15-^ 
[0171] 



5Z,13E-dienoic acid 



3D 



35 



40 



COOH 




45 



more polar: 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 ■ 1V 

NMR(CD 3 OD): 5 6.89 (d, J=2.2 Hz, 1H), 6.84 (dd J=B2 22Hz 1m rmm 1 bou 

<m. 1H), 4.00 (m, 1H>, 2.80 (m, 1H), zkl^m, \S£ ^ 4 24 



50 



55 
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Example 5(11) 

(1 1a J 5q)-9-oxo-1 1 J 5-dihydro^ 
[01 72 J 




more polar: 

TLC: Rf 0.56 (ethyl acetate : acetic acid = 20 : 1); 

NMR(CDCI 3 ): 5 7.38-7.07 (m, 4H), 5.75 (dd, J=15.4, 6.2 Hz, 1H), 5.51 (dd, J=15.4, 8.8 Hz, 1H), 4.48 (s, 2H), 4.40 (m, 
1H), 3.94 (m, 1H), 3.48 (t, J=6.8 Hz, 2H), 2.97-2.60 (m, 3H), 2.41-1.88 (m, 5H), 1.75-1.15 (m, 12H), 0.94 (t, J=7.4 Hz, 
3H). 

Example 5 (12) 

(11a, 1 5oc)-9-oxo-1 1 ,1 5-dihydroxy-1 6-(3-ethoxyrnethylphenyl)-1 ,6-(1 ,4-phenylene)-2,3,4,5,17,18,19,20-octanorprost^ 
1 3E-enoic acid 

[0173] 




more polar: 

TLC: Rf 0.31 (chloroform : methanol = 9 : 1); 

NMR(CDCI 3 ): 8 7.98 (d, J=8 Hz, 2H), 7.3-7.1 (m, 6H), 5.72 (dd, J=15, 6 Hz, 1H), 5.43 (dd, J=15, 9 Hz, 1H), 4.45 (s, 
2H), 4.40 (q, J=6 Hz, 1H), 3.91 (q, J=8 Hz, 1H), 3.57 (q, J=7 Hz, 2H), 2.9-2.6 (m, 5H), 2.4-2.3 (m, 1H), 2.23 (dd, J=18, 
9 Hz, 1H), 2.0-1.9 (m, 2H), 1.8-1.7 (m, 1H), 1.26 (t, J=7 Hz, 3H). 
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Example 5 (13) 
[0174] 




20 



30 



35 



40 



45 



more polar: 

TLC: Rf 0.55 (ethyl acetate : acetic acid = 20 * 1 )• 

Example 5 (14) 

[0175] 




more polar: 

TLC: Rf 0.52 (ethyl acetate : acetic acid = 20 • 1 )• 

8H). 1 .80-1 .45 (m. 2H) . '' * ° * 2Hl '*■ 3H >' 2 98 2 60 *»• »ft 2.46-1 .90 {m 



50 



55 



74 



EP 1 114 816 A1 



Example 5 (15) 

(11a,15£)-9-oxo-11 J5-dihydroxy-16-(3-propyloxy 
5 [0176] 




more polar: 

TLC: Rf 0.56(ethyl acetate : acetic acid = 20 : 1); 
20 NMR(CDCI 3 ): 6 7.38-7.08 (m, 4H), 5.73 (dd, J=15.4, 6.2 Hz, 1H), 5.53 (dd, J=15.4, 8.0 Hz, 1H), 5.50-5.27 (m, 2H), 
4.59-4.37 (m, 3H), 3.92 (m, 1H), 3.49 (t, J=6.8 Hz, 2H), 3.38-1.87 (m, 12H), 1.84-1.52 (m, 4H), 0.94 (t, J=7.4 Hz, 3H). 

Reference Example 22 

25 (1 1 a, 1 5a)-9-butanoyloxy-1 1 , 1 5-bis(t-butyldimethy1silyloxy)- 1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprost- 
8,13E-dienoic acid 2-(t-butyldimethylsilyioxy)ethyi ester 

[0177] 



35 




[01 78] Under atmosphere of argon to a solution of (3S)-1 -iodo-4-(3-methoxymethylphenyl)-3-t-butyldimethylsilyloxy- 
1E-butene (186 mg) in anhydrous diethyl ether (2.0 ml) was added t-butyl lithium (1.64 M solution in pentane, 0.52 ml) 
dropwise at -78 °C and the mixture was stirred for 45 minutes at the same condition. Thereto was added lithium 2-thienyl- 

45 cyano cuprate (0.25 M solution in tetrahydrofuran, 2.1 mi) dropwise and the obtained yellow sepia solution was stirred 
for 1 5 minutes. Thereto was added a solution of 2-[6-(2-t-butyldimethylsilyloxyethoxy)carbonylhexyl]-4 a -t-butyldimeth- 
ylsilyloxy-2-cyclopenten-1-one (155 mg) in anhydrous diethyl ether (2.0 ml) dropwise slowly and the obtained dark 
yellow solution was allowed to warm over a period of 40 minutes to -20 °C. Thereto was added lactic anhydride (0.16 
ml) and the mixture was stirred for 30 minutes at the same condition. The reaction was terminated by adding a mixture 

so of a saturated aqueous solution of ammonium chloride and a 28% aqueous solution of ammonia (9:1), and the mixture 
was allowed to warm to room temperature. The reaction mixture was extracted with ethyl acetate and the organic layer 
was washed with a mixture of a saturated aqueous solution of ammonium chloride and a 28% ammonia water (9 : 1), 
and then with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 20 : 1) to 

55 give the title compound (185 mg) having the following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.51 (hexane : ethyl acetate = 9:1); 

NMR(CDCI 3 ): 5 7.3-7.1 (m, 4H) t 5.60 (dd, J=15, 5 Hz, 1H), 5.42 (dd, J=15, 9 Hz, 1H), 4.42 (s, 2H), 4.3-4.2 (m, 1H), 



75 



BP 1 114 816 A1 



10 



(«. OH), 0.87 (s, 9H), 0.81 (., 9H), 0.06 ( S , 6H>, < I.S'(i^ ' ' ""' 8 "»' 0 98 «■ J " 7 3H l 

Example 6 

[0179] 



75 



20 



25 



30 



35 



40 




temperature. To a mixture of ethyl acetate and a 3Si JSSi f ? r the f m,X ' Ure was st,rred 2 hours at room 
stirring, was added the reaction mixture slow*. tt££X££S£Z^ "T* Vi9 ° r ° USly 
washed with water and a saturated aqueous solution T^Z ^oZTmT ^ 1,16 ° rganiC layer was 

solvent was evaporated- under reduced pressure The r ^,e Zl ^Z k , anhydrous sodium and the 

(hexane : ethyl acetate = 2 ■ 1_«thvl 3^^^ !! P " fied by Oolumn chromatography on silica gel 

Description : colorless oil" ' ' ' " ^ ^ mle C ° mp ° Und < 79 m 9> havin 9 the following physical data. 

TLC: Rf 0.48 (ethyl acetate); 

1H), 2.38 (t, J=8 Hz, 2H), 2.34 (t J=7 i 2H) 4 - 2 H 'i 2^' 1 iL ^ 29 - 2 - 75 (m ' 3H) ' 2 -** 4 <* 

(m. 8H), 0.97 (t, J=7 Hz, 3H). ( " 2H J' 2 - 1 " 1 - 9 ( m . 1"). 1-9-1.8 (br, 1H), 1.8-1.5 (m,4H), 1.4-1.2 

Example 6 (1)~6 (4) 

E^^S^JEZ*" referenCe eXamP ' 6 22 " * - «* compounds having 



45 



50 



55 
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Example 6 (1) 

(1 1a, 1 5a)-9-butanoyloxy-1 1 ,15-di hydroxy- 1 6-(3-m ethoxymethyl phenyl )-1 7, 1 8, 1 9,20-tetranorprost-8, 1 3E-dienoicacid 
methyl ester 

[0182} 



10 



15 




20 TLC: Rf 0.18 (ethyl acetate : hexane = 2:1); 

NMR(CDCI 3 ): 6 7.3-7.1 (m, 4H), 5.67 (dd, J=15, 6 Hz, 1H), 5.45 (ddd, J=15, 9, 1 Hz, 1H), 4.43 (s, 2H), 4.45-4.35 (m, 
1H), 4.1-4.0 (m, 1H), 3.68 (s, 3H), 3.42 (s, 3H), 3.1-3.0 (m, 1H), 2.9-2.8 (m, 3H), 2.45-2.35 (m, 1H), 2.39 (t, J=7 Hz, 
2H), 2.29 (t, J=7 Hz, 2H), 2.3-2.2 (br, 1H), 2.1-1.95 (m, 1H), 1.8-1.5 (m, 7H), 1.4-1.2 (m, 6H), 1.00 (t, J=7 Hz, 3H). 

-\ 

25 Example 6 (2) * 

(1 1 a, 1 5a)-9-butanoyloxy-1 1 ,1 5-dihydroxy-1 6-(3-methyl-4-hydroxyphenyl)-1 7, 1 8, 1 9,20-tetranorprost-8, 13E-dienoic^ 
acid methyl ester 

30 [0183] 



35 



40 




TLC: Rf 0.20 (ethyl acetate : hexane = 2:1); 
45 NMR(CDCI 3 ): 5 6.94 (d, J=2 Hz, 1H), 6.87 (dd, J=8, 2 Hz, 1 H), 6.70 (d, J=8 Hz, 1H), 5.62 (dd, J=15, 7 Hz, 1H), 5.43 
(dd, J=15, 9 Hz, 1H), 5.29 (s, 1H), 4.39 (q, J=6 Hz, 1H), 4.1-4.0 (m, 1H), 3.68 (s, 3H), 3.1-3.0 (m, 1H), 2.9-2.8 (m, 1H), 
2.74 (d, J=7 Hz, 2H), 2.45-2.35 (rn, 1 H), 2.39 (t, J=7 Hz, 2H), 2.31 (t, J=7 Hz, 2H), 2.23 (s, 3H), 2.1-2.0 (m, 1H), 2.0-1 .9 
(m, 1H), 1.8-1.5 (m, 6H), 1.4-1.1 (m, 6H), 1.00 (t, J=7 Hz, 3H). 
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Example 6 (3) 
[0184] 



10 



15 



20 



25 



30 



HOOC 



COOMe 




TLC: Rf 0.47 (ethyl acetate : acetic acid = 50 ■ 1)- 

3H), 2.1.2.0(m. 1H). 1.75-1 55 (m' W) ill 2 (m 6H) ""' "'• iWa4 < W '">■ 2 « ■»<*■ 

Example 6 (4) 

[0185] 



35 



40 



TLC: Rf 0.26 (ethyl acetate : hexane = 2 • 1)- 

(s, 3H), 2.1-1.9 (m. 1H). 1.9-1.5 (m. 4H) 1.1!.? (n! 6H) <m ' ^ Z3 ° ^ J=? H2 ' 2 



COOMe 




(m. 1H), 
2H),2.15 



50 



55 
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Reference example 23 

(9a,11a,15a)-9-hydroxy-11,15-bis(t-butyldi^^ 
1 3E-enoic acid methyl ester 

5 

[0186] 




[0187] (11 a, 15 a)-9-oxo-11 t 15-bis(t-butyldimethylsilyloxy)-16-(3-methoxymethyl phenyl)-1 7,18,1 9,20-tetranor- 
20 prost-13E-enoic acid methyl ester (278 mg, synthesized in reference example 13) was dissolved in anhydrous THF (8 

ml) and the mixture was cooled to -78 °C. Thereto was added lithium tri-sec-butylborohydride (1.0M solution in THF 

(L-selectride®), 0.46 ml) and the mixture was stirred for 1 hour. To the mixture was added a 31% aqueous solution of 

hydrogen peroxide (1 .6 ml) and diluted with ethyl acetate. The organic layer was washed with a 1 N hydrochloric acid, 

a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride successively, 
25 dried over anhydrous sodium sulfate and concentrated. The residue was purified by flash column chromatography on 

silica get (hexane : ethyl acetate = 20 : 1->10 : 1->4 : 1) to give the title compound (173.7 mg) having the following 

physical data. 

Description : colorless oil; 

TLC: Rf 0.46 (hexane : ethyl acetate = 4 : 1); 
30 NMR(CDCt 3 ): 5 7.30-7.03 (m, 4H), 5.48 (dd, J=15.4 Hz, 5.6 Hz, 1H), 5.34 (dd, J=15.4 Hz, 8.6 Hz, 1H), 4.42 (s, 2H), 

4.29-3.94 (m, 3H), 3.65 (s, 3H), 3.37 (s, 3H), 2.73 (d, J=6.6 Hz, 2H), 2.29 (t, J=7.5 Hz, 2H), 2.24-2. 1 2 (m, 1 H), 1 .86-1 . 1 0 

(m, 14H), 0.86 (s, 9H), 0.81 (s, 9H), 0.04 (s, 6H), -0.12 (s. 3H), -0.23 (s, 3H). 

Reference Example 24 

35 

(9a, 1 1 a, 1 5 a)-9-tosyloxy- 1 1 , 1 5-bis(t^ 
13E-enoic acid methyl ester 

[0188] 

40 



45 



50 




[0189] The compound synthesized in reference example 23 (173.7 mg) was dissolved in pyridine (3 ml) and the 
mixture was cooled to 0 °C. Thereto was added tosyl chloride (500 mg) and the mixture was allowed to warm to room 
55 temperature. After stirring for 15 hours, thereto was added tosyt chloride (500 mg) and the mixture was stirred for 5.5 
hours at room temperature, cooled to 0 °C and thereto was added water to terminate the reaction. The reaction solution 
was diluted with ether and the organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous sodium sulfate, concentrated. The solvent was separated as azeotropic mixture with 
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o^LT.Z^r^ oum compound (217 - 5 m9) having - fo,, ° wino »*« 

TLC: Rf 0.62 (benzene : ethyl acetate = 10:1). 
Example 7 

[0190J 



20 




25 



35 



40 



hour, the mixture was diiuted with ether and ESS^i^JS^^J^T TTh *° 55 ^ 1 
of sodium chloride, dried over anhydrous sodium sulfate ^,12^ - aqU60US SOlution 

(2 ml) and to the mixture was added pyridines ml) a^ ^ T?* WaS diSSOlVed in 

drofiuoric acid-pyridine (0.5 m.) and J£ZZ^2^£^Z^° t ° ^ f"* " d * d ^ 
hours, the mixture was diluted with ethvl acetate and tLTol! f t0 room tern P e rature. After 1.5 

solution of sodium bicarbonate an^Z^^u^L^^ WaS ™ ashe < i witn « saturated aqueous 
sodium sulfate and concentrated "e^^^^ 

acetate = 1:2) and Lobar column ^T^^^^T^^ 9 " °" ^ ^ (h6Xane ! ^ 
following physical data. - 20 . 1 ) to give the title compound (55.6 mg) having the 

Description : colorless oil; 

TLC: Rf 0.42 (hexane : ethyl acetate = 1 • 2V 

NMR(CDCI 3 ): 6 7.32-7.06 (m, 4H), 5.56 (dd, J=15.0 Hz, 6.2 Hz, 1H) 5 42 (dd 

izzzss. -susta setae ss? * ^ <•■ 3h> - «~ - - <•■ 

Example 7 (1) 
mfth^ 



45 



[0192] 



50 



55 
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NMR(CDCI 3 ): 6 7.32-7.05 (4H, m), 5.57 (1H, dd, J=15.3 Hz, 6.5 Hz), 5.51-5.26 (3H, m), 4.45 (2H, s), 4.36-4.22 (1H, 
m), 4.06-3.90 (2H, m), 3.66 (3H, s), 3.55 (2H, q, J=7.0 Hz), 3.02-2.68 (4H, m), 2.38-1.82 (10H, m), 1.78-1.58 (2H, m), 
1.24 (3H, t, J=7.0Hz). 

5 Example 8 

(gp.llaJSaJ-g-chloro-II.IS-dihydroxy-ie-CS-methoxymethylphenyO-n.lB, 19,20-tetranorprost-13E-enoic acid 
[0194] 



15 




20 

[0195] The compound synthesized in example 7 (50.0 mg) was dissolved in methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide (1 ml). After 1 hour, the solution was acidified with a 1 N hydrochloric acid 
and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of 
sodium chloride, dried over anhydrous sodium sulfate, concentrated and the residue was purified by column chroma-. 
25 tography on silica gel (ethyl acetate-methyl acetate : acetic acid = 50 : 1) to give the title compound (47.5 mg) having 
the following physical data. 

Description : pale yellow oil; e 
TLC: Rf 0.55 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 8 7.34-7.09 (m, 4H), 5.62 (dd, J=15.4 Hz, 5.8 Hz, 1H), 5.47 (dd, J=15.4 Hz, 7.6 Hz, 1H), 4.44 (s, 2H), 
30 4.43-4.32 (m, 1H), 4.12-3.90 (m, 2H), 3.41 (s, 3H), 2.95-2.73 (m, 2H), 2.32 (t, J=6.9 Hz, 2H), 2.28-1.77 (m, 4H), 
1.72-1.52 (m, 2H), 1.52-1.16 (m, 11H). 

Example 8(1) -8 (9) 

35 [01 96] By the same procedures as described in reference example 1 3, 23, 24 and example 7 and 8, the title compound 
having the following physical data were obtained. 

Example 8(1) 

40 (9p,11a ,15 a)-9-chloro-11,15-dihydroxy-16-[3-(2-ethoxyethyl)phenyl]-17,18,19,20-tetranorprosN acid 
[0197] 



50 




55 TLC: Rf 0.34 (ethyl acetate); 

NMR(CDCl 3 ): 8 7.26-7.00 (m, 4H), 5.62 (dd, J=15.4, 6.0 Hz, 1H), 5.49 (dd, J=15.4, 7.4 Hz, 1H), 4.70-4.22 (m, 2H), 
4.20-3.80 (m, 4H), 3.64 (t, J=7.1 Hz, 2H), 3.51 (q, J=7.0 Hz, 2H), 2.94-2.68 (m, 4H), 2.32 (t, J=7.3 Hz, 2H), 2.28-1.78 
(rn, 4H), 1.78-1.25 (m, 10H), 1.19 (t, J=7.0 Hz, 3H). 
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Example 8 (2) 



5 [0198] 



19,20-tetranorprost-13E-enoic acid 



10 



15 



20 



25 



30 




TLC: Rf 0.25 (chloroform : methanol = 9 ■ 1)- 

SHS5 £ 2S 227 11 2=8 * -* - <-«). 

Example 8 (3) 
[0199] 



COOH 




TLC: Rf 0.47 (chloroform : methanol - 9 



■ — ™ v.Hf (cnioroTorm : methanol * 9 • 1)- 



Hz, 1H), 
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Example 8 (4) 

(9p,11a,15a)-9-chloro-11J5-dity^ acid 
[0200] 




TLC: Rf 0.45 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.25 (1H, m), 7.10 (3H, m), 5.62 (1H, dd, J=15, 5.4 Hz), 5.51 (1H, dd, J=15, 7.0 Hz), 5.44 (2H, m), 
4.63 (2H, dt, J=47, 6.4 Hz), 4.37 (1H, m), 4.22 (3H, br), 4.03 (2H, m), 2.98 (2H, dt, J=24, 6.4 Hz), 2.82 (2H, m), 2.35 
(2H, t, J=6.9 Hz), 2.30-1.87 (8H, m), 1.68 (2H, m). 

Example 8 (5) 

(9p,11a,15a)-9-chloro-11,15-dihydrox 13E-dienoic acid v 

[0201] 




TLC: Rf 0.54 (chloroform : methanol = 9:1);. 

NMR(CDCI 3 ): 8 7.23 (m, 1H), 7.06 (m, 3H), 5.62 (dd, J=15, 5.6 Hz, 1H), 5.57-5.36 (m, 3H), 4.38 (m, 1 H), 4.03 (m, 2H), 
3.80 (br, 3H), 3.65 (t, J=7.2 Hz, 2H), 3.52 (q, J=7.0 Hz, 2H), 2.87 (t, J=7.2 Hz, 2H), 2.81 (m, 2H), 2.34 (t, J=6.8 Hz, 
2H), 2.29-1.87 (m, 8H), 1.68 (m, 2H), 1.20 (t, J=7.0 Hz, 3H). 

Example 8 (6) 

(9p, 1 1 a, 1 5a)-9-chloro-1 1 , 1 5-dihydroxy- 1 6-(3-ethoxymethylphenyl)-1 7,18,1 9,20-tetranorprost-5Z, 1 3E-dienoi c acid 
[0202] 




83 
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TLC: Rf 0.63 (ethyl acetate : acetic acid = 50 ■ 1)- 
Example 8 (7) 

[0203] 



15 



20 



45 



"COOH 




TLC: Rf 0.29 (chloroform : methanol = 9 : 1); 



(», 3H), 2.2-1.9 (m. 7H). 1.9-1.7 ( m . , H ), l.ki.SB (n, 2H). ' ' ' " 2 29 (t J " 7 21 * 2 < 2 



Example 8 (8) 



3q W^«^°r°-«.^^^ 
[0204] 



13E-dienoic acid 




TLC: Rf 0.42 (chloroform : methanol = 9 : 1); 



5(9 



55 



84 



EP 1 114 816 A1 



Example 8 (9) 

(9p,11a ( 15a)-9-fiuoro-11 ,15-dihydroxy-16-(3-methoxymethylphenyl)-17^ acid 
[0205] 




TLC: Rf 0.45 (chloroform : methanol =9:1); 

NMR(CDCI 3 ): 5 7.36-7.08 (m, 4H), 5.63 (dd, J=15, 5.8 Hz, 1H), 5.57-5.31 (m, 3H), 4.77 (m, 1H), 4.43 (s, 2H), 4.42 (m, 
1H), 4.11 (br, 3H), 3.98 (m, 1H), 3.41 (s, 3H), 2.86 (m, 2H), 2.40-1.54 (m, 12H). 

Example 9 

(1 1 a, 1 5a)-9-oxo- 11,1 5-dihydroxy-1 6-(3-methoxymethyiphenyl)-1 7, 18,1 9,20-tetranorprost-2E, 1 3E-dienoic acid 
methyl ester 

[0206] 




[0207] By the same procedures as described in reference example 13 and example 1 using the compound synthe- 
sized in reference example 12, the title compound having the following physical data was obtained. 
TLC: Rf 0.26 (ethyl acetate); 

NMR(CDCI 3 ): 6 7.3-7.1 (m, 4H), 6.93 (dt, J=16,7 Hz, 1H), 5.80 (d, J=16 Hz, 1H), 5.73 (dd, J=15,6 Hz, 1H),5.50 (dd, 
J=15,8 Hz, 1H), 4.5-4.35 (m, 3H), 3.92 (q, J=8 Hz, 1H), 3.72 (s, 3H), 3.41 (s, 3H), 2.91 (dd, J = 14, 7 Hz, 1H), 2.83 
(dd, J=14,9 Hz, 1H), 2.69 (dd, J=18,8 Hz, 1H), 2.4-2.1 (m, 5H), 2.0-1.9 (m, 1H), 2.1-1.7 (br), 1.6-1.2 (m, 6H). 
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Example 10 
[0208] 




20 



25 



30 



NMR(CDCI 3 ): 5 7.3-7 1 ( m 4H) 7 00 fdt J-ifi 7 i* luf . I« « (chloroform : methanol = 9 : 1); 

J-16.9 Hz, 1H). 5.0-3.4 Si 4 43 (s 2HW 39 fa j-6 i^iJf V£ £ 16 HZ ' 1H) ' 572 {dd ' J=15 ' 6 Hz ' W". (dd. 

J=19>7 H2> 1H) , 2 ,,, ^ ^'^^^^^ »*• *H>. 2.09 U 

Example 11 - 11 (1) 

F^^^^XS™ ln r6ferenCe eXamP,e 19 ~ 21 ^ «" * * - -Pounds having 
Example 11 



[0211 J 

35 




2.4-1.9 (m. 9H). 1.8-1.6 (m. 2H), aMiMilS 1 °" 2 8 (,n ' 2H >' 2,0 M2e3 <« *M Hz. 1H). 



55 
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Example 11(1) 

(1 1 a, 1 5^-9-oxo-l 1 , 1 5-dihydroxy-1 6-(3-methyl-4-hydroxyphenyl)-1 6-methyl- 17,18,1 9,20-tetranorprost-5Z, 1 3E- 
dienoic acid 

[021 3] 




[0214] (The compound is a diastereomeric mixture at 16-position.) more polar: 
20 TLC: Rf 0.31 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 6.95-6.75 (m, 2H), 6.69 and 6.63 (d, J=8 Hz, 1H), 5.65-5.1 (m, 4H), 4.15-3.9 (m, 2H), 3.2-2.6 (br), 
2.8-2.55 (m, 2H), 2.4-1.9 (m, 12H), 1.7-1.55 (m, 2H), 1.27 and 1.15 (d, J=7 Hz, 3H). 

Formulation example 1 

25 

[0215] 

• (90, 1 1 a, 1 5£)-9-chloro-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethyl-4-hydroxy 
13E-dienoic acid (3 mg) in ethanol 

30 • stearic acid 100 mg 

silicon dioxide 20 mg 

• talc 1 0 mg 
calcium cellulose glycolate 200 mg 

• microcrystalline cellulose 5000 mg 

35 

were admixed in a conventional method, dried, added microcrystalline cellulose to sum 10 g, mixed until homo- 
geneous and punched out in a conventional method, to obtain 100 tablets each containing 30 u.g of active ingredient. 

Formulation example 2 

40 

[0216] A clathrate (6 mg) of (11 a ,15 a)-9-oxo-11,15-dihydroxy-16-(3-methoxy methylphenyO-^.IB.ig^O-tetranor- 
prost-13E-enoic acid (0.5 mg) in a-cyclodextrin was dissolved in distilled water for injection (300 ml) and the solution 
was sterilized in a conventional method, placed 3 ml portions into 5 ml ampoules to obtain 1 00 ampoules each containing 
5 \xg of the active ingredient. 

45 



phenyl)- 17,18,1 9,20-tetranorprosta-5Z, 



50 



Claims 

1. An co-substituted phenyl-prostaglandin E derivative of formula (I) 
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25 



30 



35 



40 



45 



50 



55 2 . 

3. 



is oxo, naiogen or a group of formula Rfi-COO- (wherein RSiqVvHrnoon n-. >t „ , 
alkyl), CH alkyloxy, HOOCC1-4 alkyl C1M aKoxv cTr^n^^ ,^ a,M ' P nen y ,or Pnenyl(C1M 
alkyloxy-carbonyl-C2~4 alkenyl), alkylox y -carbonyl-C1-4 alkyl, HOOC-C2-4 alkenyl or C1~4 

R 3 is hydrogen or hydroxy, 
R 4 isC1~4 alkylene, 

R 5 is phenyl substituted by the following groups: 

i) 1-3 groups selected from 

C1~4 alkyloxy-C1-4 alkyl, 

C2-4 alkenyloxy-C1~4 alkyl, 

C2-4 alkynyloxy-C1-4 alkyl, 

C3-7 cycloalkyloxy-C1~4 alkyl, 

C3~7 cycloalkyl(C1~4 alkyloxy)-C1~4 alkyl 

phenyloxy-C1-4 alkyl, 

phenyl-C1~4 alkyloxy-C1~4 alkyl, 

C1-4 alkyithio-C1-4 alkyl, 

C1~4 alkenyfthio-C1~4 alkyl, 

C1-4 alkynylthio-C1~4 alkyl, 

C3-7 cycloalkylthio-C1-4 alkyl, 

C3~7 cycloalkyl(C1~4 alkylthioj-C1~4 alkyl 

phenylthio-C1~4 alkyl and 

phenyl-C1~4 alkylthio-C1~4 alkyl, 

ii) C1~4 alkyloxy-C1~4 alkyl and C1~4 alkyl 
C1~4 alkyloxy-C1~4 alkyl and C1~4 alkyloxy, 
C1-4 alkyloxy-C1~4 alkyl and hydroxy, 
C1-4 alkyloxy-C1~4 alkyl and halogen, 
C1-4 alkylthio-C1~4 alkyl and C1-4 alkyl 
C1-4 alkylthio-C1-4 alkyl and C1~4 alkyloxy, 
C1-4 alkylthio-C1~4 alkyl and hydroxy or 
C1-4 alkylthio-C1~4 alkyl and halogen 

iii) halo-C1-4 alkyl or hydroxy-C1~4 alkyl 
or 

iv) C1~4 alkyl and hydroxy; and 
— Is a bond or a double bond, 

a non-toxic salt thereof or a cydodextrin clathrate thereof. 
A compound according to claim 1, wherein Ri is hydroxy. 

Acompoundaccordingto c.aim herein R« is C1-6a.ky.oxy, CI-ealKyioxy-CI-e a, k y,oxyorHO-C1-6 a.kyloxy. 



88 



EP 1 114 816 A1 



4. A compound according to claim 1 , wherein R 1 is NR 6 R 7 (wherein R B and R 7 have the same meanings as described 
in ciaim 1). 

5. A compound according to claim 1, wherein R 2 is oxo. 

6. A compound according to claim 1, wherein R 2 is halogen. 

7. A compound according to claim 1, wherein R 2 is 

R 8 -COO- 

(wherein R 8 has the same meaning as described in claim 1). 

8. A compound according to claim 1, wherein R 5 is phenyl substituted by 

i) 1-3 of 

C1-4 alkyloxy-C1~4 alkyl, 

C2-4 alkenytoxy-C1~4 alkyl, 

C2-4 alkynyloxy-C1-4 alkyl, 

C3-7 cycloalkyloxy-C1-4 alkyl, 

C3-7 cycloalkyl(C1-4 alkyloxy)-C1-4 alkyl, 

phenyl oxy-C 1-4 alkyl, 

phenyl-C1-4 alkyloxy-C1-4 alkyl, 

C1-4 alkylthio-C1-4 alkyl 1; 

C2-4 alkenylthio-C1-4 alkyl, 

C2-4 alkynylthio-C1-4 alkyl, 

C3-7 cycloalkylthio-C1-4 alkyl, 

C3-7 cycloalkyl(C1-4 alkylthio)-C1-4 alkyl, 

phenylthio-C1-4 alkyl or 

phenyl-C1-4 alkylthio-C1-4 alkyl. 

9. A compound according to claim 1 , wherein R 5 is 

ii) phenyl substituted by 

C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyloxy, 
C1-4 alkyloxy-C1~4 alkyl and hydroxy, 
C1-4 alkyioxy-C1~4 alkyl and halogen, 
C1-4 alkylthio-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkylthio-C1~4 alkyl and C1-4 alkyloxy, 
C1-4 alkylthio-C1-4 alkyl and hydroxy, or 
C1-4 alkylthio-C1-4 alkyl and halogen. 

10. A compound according to claim 1 , wherein R 5 is 

iii) phenyl substituted by halo-C1~4 alkyl or hydroxy-C1~4 alkyl. 

11. A compound according to claim 1, wherein R 5 is 

iv) phenyl substituted by C 1-4 alkyl and hydroxy. 

12. A compound according to claim 1, wherein A is C2-8 alkylene or C2-8 alkenylene. 

13. A compound according to claim 1, wherein A is C1-4 alkylene-phenylene or C2-4 alkenylene-phenylene. 

14. A compound according to claim 1, 5 or 8, which is 

(1) (11 a, 15 a )-9-oxo-11,15-dihydroxy-16-(3-methoxymethylphenyl)-17, 18,19,20-tetranorprost-13E-enoic 
acid, 
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^"■l^xo-ll,^^ 1 9 . 2 0-te t rano r p r os t -5Z, 1 3 E - di enoic 
d^t^ 

dLlS 5 *^^ 

05) (11* 15 ^-oxo-11,15-diH ydr ox^ 

06) 01 - 15 ^-°-".--^ox y -1 6 -p- (2 . me 

fidi a 0 ;^^ 

?ol«ano^ 
or a methyl ester thereof. 
15. A compound according to claim 1, 5 or 9, which is 

or a methyl ester thereof. 
16. A compound according to claim 1, 5 or 10, which is 
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(2) (11 a,15a)-9-oxo-11,15-dihydroxy-16-[3-(2-fluorolethyl)phenyI]-17 l 18 1 19,20-tetranorprost-5Z,13E-dienoic 
acid or 

(3) (11 a ,15 a)-9-oxo-11,15-dihydroxy-16-^ 
20-octanorprost-13E-enoic acid, 

or a methyl ester thereof. 

17. A compound according to claim 1 ,5 or 11, which is 

( 1 ) ( 1 1 a, 1 5a)-9-pxo- 11,1 5-dihydroxy- 1 6-(3-methyl-4-hydroxyphenyl)-1 7,18,19, 20-tetranorprost-1 3E-enoic 
acid, 

(2) (11 a, 1 5a)- 9-oxo- 11,1 5-dihydroxy- 16-(3-m^ 
enoic acid, 

(3) (1 1 a, 1 5£)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-(3-propyl-4-hydroxyphenyl)- 17,18, 1 9,20-tetranorprosM 3E-enoic ac- 
id, 

(4) (11 a,15£)-9-oxo-11,15-dihydroxy-16-(3-propyl-4-hydroxy 
enoic acid or 

(5) (11a,15a)-9-oxo-11,15-dihydroxy-16-(3-methyl-4-hydroxyphenyl)-1 > 6-(1,4-phenylene)-2,3,4,5,17,18,19^ 
20-octanorprost-13E-enoic acid, 

or a methyl ester thereof. 

18. A compound according to claim 1 , 6 or 9, which is 

(1) (9P ,11a ,15£ )-9-chloro-11,15-dihydroxy-16-[3-(2-isopropyloxy ethyl)phenyl]-1 7,18,1 9, 20-tetranorprost- 
5Z,13E-dienoic acid, 

(2) (9P ,11a ,15£ )-9-chloro-11,15-dihydroxy-16-(3-isopropyioxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(3) (9P ,11a ,15£ )-9-chloro-11,15-dihydroxy-16-[3-(2-methoxyethyl) phenyl]-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(4) (9p, 11 a , 1 5£ )-9-chloro-1 1 r 1 5-dihydroxy- 1 6-[3-(2-propyloxy ethyl) phenyl]-1 7, 1 8, 1 9,20-tetranorprost-5Z, 
13E-dienoic acid, 

(5) (9p, 11 a , 1 5^ )-9-chloro-1 1 , 1 5-dihydroxy- 1 6-(3-propyloxymethyl phenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z, 
13E-dienoic acid, 

(6) (9p, 1 1a , 1 5£)-9-fluoro-1 1 , 1 5-dihydroxy- 1 6-(3-ethoxymethyl phenyl )-1 7,1 8, 1 9,20-tetranorprost-5Z, 1 3E-di- 
enoic acid, 

(7) (9p,11a ,15 y-9-fluoro-11,15-dihydroxy-16-(3-propyloxymethyi phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid; 

(8) (9P ,11a ,15a)-9-chloro-11,15-dihydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost-13E- 
enoic acid, 

(9) (9P ,11a ,15a)-9-chloro-11,15-dihydroxy-16-(3-ethoxymethyl phenyl)-17,18,19,20-tetranorprost-5Z,13E- 
dienoic acid, 

(10) (9P ,11a ,15a)-9-chloro-11,15-dihydroxy-16-[3-(2-ethoxyethyl) phenylj-1 7, 18,1 9,20-tetranorprosM 3E- 
enoic acid, 

(11) (9P , 1 1 a , 1 5a )-9-chloro-1 1 , 1 5-dihydroxy- 1 6-[3-(2-ethoxyethyl) phenytj- 17,18,19 ,20-tetranorprost-5Z, 
13E-dienoic acid, 

(12) (9 p ,11a,15a)-9-chloro-11,15-dihydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(13) (9p ,11a ,15a)-9-fluoro-11,15-dihydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost- 
52,13E-dienoic acid or 

(14) (9p ,11a ,1a)-9-chloro-11,15-dihydroxy-16-(3-methoxymethyl phenyl)-1 ,6-(1,4-phenylene)-2,3,4,5,17, 
18,1 9,20-octanorprost-1 3E-enoic acid, 

or a methyl ester thereof. 

19. A compound according to claim 1, 6 or 9, which is 

(1) (9 p ,11 a,15 4)-9-chloro-11,15-dihydroxy-16-(3-methoxymethyi-4-hydroxyphenyl)-17,18,19 ? 20-tetranor- 
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prost-5Z,13E-dienoic acid 

or a methyl ester thereof. 
20. A compound according to claim 1, 6 or 10, which is 

f^ZoL^^ PhenyO-l/.IB^^norprost-SZ, 
or a methyl ester thereof. 
21. A compound according to claim 1, 6 or 11, which is 

or a methyl ester thereof. 
22. A compound according to claim 1 or 7, which is 

or a methyl ester thereof. 
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